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REVISER’S PREFACE. 

, In presenting the enlarged and improved edition of Volume I. 
of “ The l^anufacture of Varnishes,” it shomd be understood 
that the pi^blishers found themselves in & position of some 
amount of difficultythrqjigh the sudden decease of the author, 
Mr. John Geddes*McIntosh, just after the MS. was passed to 
the printers. Friend# of the deceased author could testify as 
to his ambition for making .what has ultimately proved to be 
indeed the crowning effort ^ his life. This would doubtless 
have been realised, bearing in mind the author’s lengthy and 
unique technical and literary experience. Death — the great 
leveller of all men — has intervened, thus leaving to andther 
the woi^k of revision, which, he feels, even exercised with the 
best, intentions, cannot rank with that of the pastmaster who 
has now let fall his pen. The reviser wishes it to be under- 
stood that every effort has been made to preserve throughout 
the style or form of expression characteristic of tlje author. 
That and the sequence of matter remains exactly as originally 
planned. It is, however, unfortunate that some gaps were 
found in the proofs, obviously intended for the insertion of 
additional and no doubt individual matter which experience 
only could dictate ; and it may so happen that statements of in- 
ferences born of a life’s experience are unintentionally omitted. 
The chief task of the reviser has been to give of his best to- 
wards discreetly closing up such gaps. If the presentment ftf 
the matter appears fragmentary, the indulgence of the reader 
must be encroached upon ; remembering that books, like men, 
are not without virtues and vices. Allowing for the difficulties 
referred to, the reader cannot fail to be impressed with the fact 
that this work is without a rival, and as such will surely prove 
a useful book of study and reference to those engaged, or about 
,to be engaged, in the technology of paints, varnishes, and allied 
materials. 

CHARLES HARRISON,Ji J.S., 

Begistered Lecturer, e^. 


Oil, Coloub and Varnishes Dept., 
Borough Polytechnic Institute, 
Borough Road, 

London, S.E., April , 1919. 
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■ HISTORICAL NOTE. 

Early Use of Linseed Oil as a Vehicle in Oil Painting m England . — 
It is not to be suggested^ that linseed oil was first used as a paint 
vehicle and binder in England, but the usual statement that our 
knowledge of such use came to us through the Van Eycks is without 
foundation. In the Close Rolls is found an order issued by •King 
Henry in the year 1239 ordering the payment of money for material 
and labour in painting the Queen’s Chamber at Westminster, and 
fron? the mention of oil and varnish it may be safely inferred that 
the former, the oil, was used as a vehicle for pigments : — 

“ The King to His Treasurer and Chamberlain, Greeting f 
Deliver of our treasure to (Stto the Goldsmith and Edward his son 
one hundred and seventeen shillings and ten pence for oil and 
colours bought and pictures made in the Chamber of our Queen at 
Westminster from the Octaves of the Holy Trinity in the twenty- 
third year of our reign to the Feast of St. Barnabas the Apostle in 
the same year, namely, for fifteen days.” It has been suggested 
that these arrangements were made in view of the Queen’s accouche- 
ment, as her first son, Edward, was born on the 16th of June, 1239, 
five days only after the first date mentioned in the record. * 

The following extracts are from rather later records. They give 
the materials used in the decoration of St. Stephen’s Chapel and 
their prices from Rolls of the 25th of Edward the Third, that, is, 
the year 1351 : — 

“ July 18. To Master H. de St. Albans for four flagons of painters* 
oil for the painting of the chapel IGs. Sept. 5. For 19 flagons of 
painters’ oil at 3s. 4d. per flagon £3 3s. 4d. (white and red lead, 
^chre, azure, vermilion, cole (size), white varnish, sinople and, 
cynopre (the latter from Montpelier), gold leaf, tinfoil, squirrels’ tails, 
hogs’ hair, cotton for laying on gold). • A pair of scales ^ yeigh the 
different painters’ colours is included. 


VpL. I. 


1 



CHAPTEE I. 


PROPERTIES OF DRYING OILS. 

General Properties of Fixed Oils and Fats— Although at first sight 
a fixed oil may appear to be a perfectly simple, homogeneous, ele- 
m€|pttfry body, yet if we study any of these oils or fats attentively 
we will observe certain phenomena which indicate the complex 
nature of their constitution. If, for instance, ’we expose oil to a 
low temperature, it separates into a liquid and solid portion. Again, 
if we press tallow between folds of filter paper we express a liquid 
oil. But it remained for Cnevreul to demonstrate by chemical 
means the •exact constitution of these bodies. Chevreul submitted 
these oils and fats in a methodical manner to the action of different 
reagents, and found that they could be separated into different proxi^ 
mate bodies. He established the fact that every fixed oil or fat was 
made up of two or more fatty bodies of a greater or less degree of 
purity, each of these bodies differing from one another in their 
melting-points, fluidity, solubility in different menstrua, etc. He 
found, further, that each of these proximate bodies existing in oils 
and fats was really a salt, i.e. a compound arising from the combina- 
tion of an acid with a base. 

Chevreul pointed out that the different properties of oils and fats 
wei;e due to the individual combined fatty acids, characteristic of each 
oil and fat, differing among themselves in composition and properties, 
but that the base was the same in all, or nearly all, cases, viz. glycer- 
' ine. The fatty acids he found to be principally the following four, 
viz. stearic acid, palmitic acid, margaric acid, oleic acid ; and that 
three, equivalents of each of these monobasic acids combined witho 
one equivalent of the triad glycerine to form respectively the salts, 
tristeaSin^,^ripalmitine, trimargarine, trioleine, ^he three former 
are solii at ^dinary temperatures, the latter liquid. The tristearine 
forms the hard, solid portions of tallow and lard, and trioleine the, 
soft oily portion. 

He termed this resolution of the neutral fat into fatty acid and 
glycerine saponification. This decomposition for candle-making is 
brou^t about in various ways, the simplest of which consists in dis- 
ti(ing the fat with steam superheated to 300® C., when the glycerine 
^d fjptty aoids'distil over together, the latter forming a layer flloat- 
mg ^n the former. The liquid oleic acid is then pressed from the 
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" mixed fft% ooids, and a residue of mixed solid fltty acids obtained. 
The ^vantages gained by using a solid fatty acid, instead of a neutral, 
fatware many, including the raising of thd melting-point by the* 
^iminatioaof the liquid oleic acid and glycerine. »The bad-smelling, ’ 
throat-irritating acrolein being a decomposition product of the latter, 

^ no smell is produced on burning. The candles* do not smoke and no 
snuffing is required. ^ But^n the case of a drying oil the fattj^adlSs do 
not dry so well as the original oil. Of late years the hydrolitic action ' 
of certain ferments or |nzymes, e.g. lipase, has been used to split up , 
^oils and fats into fatty ,acid and glycerine. IE ‘the elimination of 
glycerine from a solid fat guch as tallow results in obtaining improved , 
products for candle-making, unfortunately it is not so with a drjing 
oil like linseed oil, the fatty acids from which, owing to their being 
solid if not greasy, are not nearly so suitable for paint and. varnish 
purposes as the original. But what are drying oils and wherein 
do they differ from non -drying oils ? 

Drying Oils. Definition . — The drying oils are those oils of 
vegetable origin which, being liquid at the ordinary temperature, 
possess the property of gradually and progressively absorbing oxygen 
from the air when exposed thereto in a thin layer whilst* still at the 
ordinary temperature, and in so doing, instead of yielding a rancid, 
more or less viscous, greasy mass, naturally change gradually and 
eventually by insensible gradations from the original condition of a 
fluid oil into solid elastic dry substances insoluble in the usual' oil 
solvents. The greater the quantity of oxygen which such an oil is 
capable of absorbing and fixing (when exposed to the air in so thin 
a film that the air can penetrate to the ultimate bottom layer of the 
fllm) as shown by the nett increase in weight, the greater are tfie 
drying properties and propensities of the oil. The greater the 
avidity with which a drying oil absorbs oxygen, and the greater 
the rapidity with which it solidifies and dries throughout its paass; 
ceteris paribus, the better is the oil. The more thoroughly, the 
more perfectly the thin film of pure linseed oil dries, the more in- 
tractable it is. Neither solvents, reagents, weather, nor even agC 
affects it. The word nett is used advisedly, because linseed ^il 
, absorbs even far more oxygen than the amount it fixes permanently. 
This latter quantity of oxygen is used up in the formation of volatile 
<jom^ounds, cart)onic acid (some say carbonic oxide), ^oynlq acjdi 
^ acetic acid, oxalic acid, although the bulk of the oil, sUll existing as 
^a glyceride, remains to form the dried film. The action of drying 
splits linseed oil up into two main divisions— one of these divisions 
liquid and volatile ; the other fixed and solid. The volatile poiiiioa 
/escapes into the ‘air, the solid portion is fixed. 

The sequel of changes which a drying oil undergoes diirjng tha 
timelt is being converted (1) into an intangible volatile ^rtion) 

;^Sses away into unknown regions, ani (2) a tangible wlid>i^g|rtM^ 

laensible to the eve and the touch, which rAmairva Avail 
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manent, is termed She drying of the oil. As a matter ol fact, the 
oil does not dry in the true acceptation of the term. When a sub- 
stance in ’ordinary langifage is said to dry, what is meant is that the 
substance in questicn loses any adherent, adventitious or interstitial, 
water or hygroscopic ^moisture, and, in a case of drying of that 
nature, we can appreciate the change, as it proceeds, both* by the eye 
and tub tquch. The vapour is visible to thei eye ^s it condenses, and 
the touch is sensible to the drier feeling as the moisture is expelled 
to a greater and greater extent. Such substa7\f'£s, therefore, stiff er a 
diminution in weight corresponding to the amount of ivater eliminated 
in the process. But a phenomenon of quite 9,11 opposite nature occurs 
when a drying oil dries; instead of losing in weight it gradually 
becomes heavier as the “ drying ” process proceeds, until the oil has 
cony)lofcely “ dried," when its nett weight will be found to have in- 
creased some 16 to 17 per cent. In other words, 10 gallons of linseed 
oil, spread over any given surface, will not only increase the weight, 
of the object on whose surface it was painted by the weight of the 
10 gallons of oil, but, when the oil dries, the object will be found to 
have in all increased in nett weight to 110 lb., 93 lb. of which are 
due to the oil and some 17 lb. due to tht absorption of oxygen gas 
from the air and its absorption by and permanent fixation in the oil. 
Now a gallon of oxygen weighs about 95 grains, and as there are 
7000 grains in a lb., and as 17 lb. nett of oxygen were absorbed, 
we get a total of 119,000 grains of oxygen absorbed by the oil, 
which, divided by 95 grains, gives us nearly 1253 gallons of oxygen 
gas as being required to dry 10 gallons of oil. But the air only 
contains | of its volume of oxygen, so that 6265 gallons of air are 
in this oxygen absorption phase totally deprived of oxygen by the 
drying of 10 gallons of linseed oil. This 1253 gallons of oxygen, be 
it well understood, actually enter into the constitution of the film 
of paint. Independent of the volatile decomposition products 
already named the absorption of oxygen by linseed oil is always 
accompanied by the evolution of a highly toxic gas known as acrolein 
which, when in a concentrated form, attacks the eyes and the nose 
as in oil boiling (weeping, running at the nose, etc.). 

This diminution of the oxygen of the air and the evolution of 
acrolein are points in connection with the bad effect of sleeping in 
newly ^i®tq^ rooms which have not received from the medical ^ 
faculty tte ^tention they deserve. The headaches and other 
symptoms may, on investigation, prove not to be due to the toxic 
• effects of turpentine and its oxidised derivatives, or to linseed oil 
emanations as a whole, but more to the rapid manner in which both 
linseed oil and turpentine diminish the proportion of oxygen in the 
superincumbent atmosphere by the energetic way in which they 
absdrb oxygen. The fact that very possibly much of the glycerine 
contained in the glycerides of linseed oil is resolved into acrolein^ 
•point^^to the necessity of free ventilation from the open air. To 
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cope with ^he evolution of acrolein the air should not be deprived of 
ox^en. To put a painter to paint in a roojfi which has no direct i 
communication with the open air is a dangerous proceeding. But 
there need*be no serious effects provided ventilatibn be attended to, 
and this is^est done by burning a fire in the room in which painting 
> and varnisning operations are being conducted, and by discrimijjkately 
opening the window, avoiding at all risks and all hazard# a damp 
cold draught playing on the surface being painted or varnished until 
some time after it has thoroughly dried. The doing away with fire- 
places and heating bed- and sitting-rooms by steam is much to be 
deprecated. An ordinary substaTice in drying loses water and loses 
in weight. A drying oil in drying absorbs oxygen and increases in 
weightf and that too in spite of the fact that linseed oil in drying 
generates acetic acid, carbonic oxide, carbonic acid, oxalic acfd, and 
water. Moreover, if we can see the water being expelled from an 
object by the clouds of steam which are formed in the process, and 
although we may increase the rapidity of drying of linseed oil by the 
application of not too great a heat, such as “drying” the article in 
a hot-water oven, or a current of air, yet if our sense of smell tells 
us that vapour of some sort is being evolved, in no instance can this 
vapour be seen to rise from pure and good linseed oil, unless the 
heat be raised so as to start the destructive distillation of the oil. 
As just seen, aqueous and other vapours are given off by linseed oil 
in drying, but those vapours are due to the decomposition of the 
proximate constituents of linseed oil with the simultaneous absorption 
of oxygen, all of which finally result in the drying of the oil by the 
formation of the solid body into which linseed oil is resolved Jin 
drying, viz. linoxyn. If the oil contain spirits of turpentine, naphtha, 
etc., it will of course give off a considerable vapour of volatile solvent 
at a much lower temperature than unthinned linseed oil pure and 
simple. 

When linseed oil in its pristine liquid condition is spread over 
the surface of an object which has been made impervious by the 
process known as priming, that is to say, its pores have been filled 
up in a suitable manner, it forms when dried an impervious coating, 

• viz. the linoxyn just referred to, which still further protects the ob: 
ject from the affects of wear and tear and all those extraneous 
'erosiare agencies which we know under the term wefther, such as 
the difference in temperature between day and nigh^ summer and 
winter, heat and cold, rain, frost, and snow. 

Linseed oil is unique in this respect; when dear, the carping- 
critics whose pockets are touched have not got a good word to say 
in its favour and recite a whole decalogue of sins due to its use 
either per se or as an ingredient of paint or varnish. 

The Function of Drying Oils as Vehicles for Pigments.-r^o in- 
crease the thickness of the coating, and also, to form a hardef,^or6 
permanent, more anti-corrosive and more anti-ero^ye layiir/th€N 
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drying oil is generally mixed with substances known as pigments. 
The oil, in drying, cen^ents these pigments to the object to whicj^, the 
mixture of oil and pigment is applied. The mixture of oil and pig- 
ment is called a paint. The drying oil is said to act as* the vehicle. 

thus often hear af pigments and vehicles. But a vehicle would 
be o^no use unless it acted as a lasting binding agent as well. Coka- 
oil woutd form as good a vehicle for pigfnents; p,s linseed oil, if not 
better ; but as colza oil is a non-drying oil, the paint made by using 
it would not be a paint at all, as the vehicle irould not dry, and thus 
it would not solidify itself, and hence it could not consolidate the 
particles of pigment and itself into a hard' impervious layer, and the 
mixture would be more suitable for axle grease than for paint pur- 
poses. In the same way size, used in distemper painting, is a good 
enough vehicle for indoor work when applied to the walls of rooms, 
but the denuding and erosive action of the weather would render it 
worse than useless when applied out of doors. 

The word vehicle as used by some writers is, therefore, an in- 
complete definition of the functions of a drying oil when applied in 
conjunction or in combination with a iVgment to the surface of an 
object. It is the cementing or binding agent, or vehicle, if you will — 
just as slaked lime is the agent which binds the sand in the mortar 
to the wall. Not only so, just as the lime cements the particles of 
sand to themselves and to itself and the agglomerate thus formed to 
the wall, so also does the linseed oil cement the particles of pigment 
to each other and to itself and the agglomerate thus formed to the 
object to which it is applied. But the analogy does not rest here ; 
the slaked lime also increases in weight in drying. Although it 
gives off moisture it nevertheless at the same time absorbs carbonic 
acid. For every 18 parts of chemically combined water which 
mortar gives off in drying and consolidating it absorbs 44 parts of 
carbonic acid, and consequently increases in weight, as we have just 
said. 

Summary, — The function of a drying oil when used as a vehicle 
for paints is to so “ dry ” as to bind and consolidate the pigment in 
such a way that the combined layer formed by the dried vehicle and 
pigment, that is, by the dried paint, will withstand the heat of the* 
sun’s rays, the erosive action of the weather, and in conjunction- 
with the *pifment protect the object to which it is applied from the 
corrosive and erosive action of the same. 

The Function of Drying Oils as Varnish Ingredients, i.e. as 
“ Vehicles ” for Besins. — The chief function of drying oils as in- 
gredients of varnishes is first of all to dissolve the resin so as to 
bring it into the fluid condition; here again colza and other oils 
wqjild act similarly, but the solution of resin in colza oil would never 
dry, and the only use for such a product would be for axle grease, 
and^fen for that purpose it would not be very fit, and not only so,, 
i^ woield be ^ very costly way of making axle grease. Here again 
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the function of the linseed oil is to dry, and in s6 doing to cement 
toother the particles of resin by an elastic binding agent consisting 
of^e product into which the linseed oil is resolved on dryirlg. The 
greater the*quantity of linseed oil and the fewer thie particles of resin ' 
which it has to cement together, and which are^ present in a “•dried " 
coating of wnish, the more elastic and durable will be that coating. 
It is linseed oil whi(J;i givts elasticity to varnishes. If a lijjisdSd oil 
substitute consisting of hydrocarbides, such as rosin oil, be Substi- 
tuted for a drying oil, e.g. linseed oil, whether in a paint or varnish, 
this durability and elasticity is lost, the dried product dissolves in 
weak solutions of alkali, iind even in warm solutions of household 
soap, as is seen in the case of the front door of the housewife who 
must always be scrubbing. Her newly painted and varnished front 
door in a few months looks as if it had not been painted or varfiistied 
for as many years. Moreover, the melting-point of the dried product 
of linseed oil is high, as any one may satisfy himself by trying to 
melt linseed oil skins, but the melting-point of the “ dried " (sid) 
product of hydrocarbide oils, e.g. rosin oil, is no better than that of 
common rosin. Moreover, Jhe dried product of such oils or varnishes 
is soluble in the original varnish, especially in the sun, when the 
former melts, a fact which gives rise to many exasperating diffi- 
culties when it is desired to apply a second coating of the same paint 
or varnish on the same article. In the cool of the evening the 
coating may be as “ dry as a bone,” in the heat of the day it is 
simply a liquid pitch, and if the coating does eventually so dry and 
harden as to withstand the heat of the sun, it is such a mass of 
cracks and furrows that those on an elephant’s hide might well be 
compared to them. These cracks and furrows are produced by tlie 
difference in temperature between day and night, producing hundreds 
of alternate liquefactions and solidifications of the coating, into the 
composition of which this linseed oil substitute enters' so largely. 
Moreover, in the cool of the evening the coating seems to dry, but 
it is merely surface drying, underneath is a layer of liquid pitch like 
that of a lake of asphaltum, and it only requires the heat of the sun 
to melt the surface crust to liberate streams of the liquid confined 
beneath. 

The great fijnction and characteristic property of a drying oil is 
to yifjld on drying a coating of high melting-point, g]»at» eftbsticity, 
great imperviousness, and great durability when exposed to wind' 
and weather, and resisting both natural and artificial reagents and 
solvents. 

Dr. Ure, writing away back in the fifties of last century, differ- 
entiated between drying and non-drying oils. “ Certain oils thicken 
and eventually dry into a transparent, yellowish, flexible substiince;’^ 
which forms a skin upon the surface of the oil, and, retards its further 
alteration. Such oils are said to be drying or siccative, and are used 
on this account in the preparation of varnishes and nainters’ cAoukl • 
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Other oils do not ^ow dry, though they turn thick, hecoAe less com- 
•bustible, and assume an offensive smell. They are then called rancid. 
In this' state, they exhibit an acid reaction, and irritate the fauces 
when swallowed, ^n consequence of the presence of a ffeculiar acfd, 
which* may be removed in a great measure by boiling the oil along 
with water and a little common magnesia for a quarter m an hour, or. 
till rlf h^.s lost the property of reddening Iftmu^ ^ While oils undergo 
the above changes, they absorb a quantity of oxygen equal to several 
times their volume.’* Dr. Ure might have »3aid equal to half their 
weight. 




CHAPTER II. 

THE pflODUCTION OP LINSEED OIL. 

The best-known and typical drying oil is linseed oil, a product of 
the seed of the flax plant Linum usitatusimum, a plant belonging to 
the natural order Linacece. 

On examining the flower of the Linacece, e.g. the flai plant 
Limm usitatmimum, observe an inner whorl of five stamens im- 
perfectly developed, indicated by short filaments without anthers. 
In some exotic allies the stamens are decandrous from the inner fiVe 



Pig. 1.— The flax plant {Linum usitahssimum), after Schadler. 1, flower leaf; 

2 outer leaf: 8, inner leaf; 4, 5, organs of fructification and pollen vessel; 

?! cross section of capsule; 9, 10, 11, 12, seed, natural size and^nlarged; 
tross and longitudinal sections. 

» 

becoming antheriferous. A cross section of the ovar}’^ exhibits, ap- 
parently, ten cells. There are really five, each of which becomes * 
more or less “ spuriously ” divided by the infolding of the dorsal 
suture of each carpel. There is also a tendency to a dimorphic con- 
dition in some species of flax, manifest in the different relative lengths 
■of stamens and pistil in different individuals of the same species; a i 
natural contrivance to favour the crossing of the flowers by insect 
agency. 
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The flax plant' Limm usitatmimum is a native of Europe an J 
Africa, and indigenous to Britain. The term usitatissimum is welf 
merited.* The flax plant has been cultivated from very ancient times, 
having been grown by the Israelites so far back as wheh they were 
in Egypt. Flax is cultivated for two objects, firstly, i(x its stem, 
which yields by maceration the tenacious fibres used in me manufac- . 
ture'bf’iinen, now of such vital importaisce ir^ ^the manufacture of 
. aeroplanes that attempts are being made to resuscitate flax cultivation 
in Great Britain ; this should never have been allowed to die out. 
Secondly, for its seeds, which by expression, or extraction by means of 
solvents, yield (a) linseed oil and (i) the cake or meal obtainable as 
a residual from oil crushing or extraction, a valuable cattle food, 
which when passed through the stomach of an animal becomes a 
rich alid valuable manure. That is to say, as a fertiliser the manurial 



Fig. 2.— Spray of flax. Collective mode of growth. 

excreta is almost as valuable as the oil cake itself was as a cattle 
food. Besides, the seed contains a valuable demulcent and emollient 
mucilage, which is of great importance medicinally, and, when made 
by the action of boiling water into a mucilaginous drink for calves, is* 
an excellent substitute for their mother’s milk. ^ 

The^ C0ivation of Flax in Great Britain . — Flax loves a ^deep, 
friable, rather^ moist soil. It grows well upon land newly broken up 
from pasture. In Ireland it is usually sown by the small farmers 
after potatoes. A fine, nicely pulverised seed-bed is essential, and 
this is rolled After the seed is sown. The usual time of sowing is 
from the middle of March to the end of April. Dutch seed is in the 
highest estimation, affording a greater produce than the American 
seed, and a finer quality than the Eiga. The after-cultivation ebn- 
sists in taking up the weeds by the hand — the only way in which it 
can Be done, and a tedious process if the land be at all foul. The 
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crop^ is rais'ed by pulling up ,the plant by the roots. The fruit is a* 
cagpule with 10 seeds, to 5j- millimetres lon^. The produce in seed 
is from 6 to 6, and sometimes as high as 10 or 12, bushels per aore.-^ 
The best of*it is kept for sowing again, and the nex^? quality is crushed 
for oil. Fl|x, when allowed to ripen its seed^, is a very exhaustive 

• crop, even more so than corn, and in most parts of Britain is so- 
little understood th^iwts cultivation has of late been very limited. But, 
a great deal of flax was at one time raised in Ireland. Its cultural*’ 
zone is almost world-wMe. An extension of the area under cultivation 
at home, in India, and other dominions beyond the seas is urgent.. 

If superior fibre be desired, then the flax must be harvested before 
the seeds are ripe, and the seeds are then small in size and poor in oiL 
Although linen fabrics are superior to cotton the utilisation of flax 
fibres is in most countries quite a secondary matter to that -'of the 
seed. The world’s production of linseed amounts to about 3 million 
tons^’yearly. The chief producing countries are India, the U.S.A., 
Argentina, La Plata, Eussian Baltic, Black Sea. Smaller quantities, 
are furnished by Egypt, Eoumania, North of France, Denmark, 
Holland, Belgium, and Hi^ngary. 

Linseed Oil Mill Cross-Section. — This section shows roughly the 
methods adopted in the most modern and up-to-date mills for landing 
and warehousing oil seeds from ship or barge, lying alongside the oil 
mill wharf. In the first place, the ship elevator is movable on a< 
longitudinal tramway, so that the elevator can be moved about from 
point to point, and the barge completely discharged even when it is- 
aground. In connection with the tramway, there is a longitudinal 
band for taking the seed into the elevator in the cleaning and weigh- 
ing house. The cleaning and weighing house would be arranged in 
accordance with the demands of the trade, but generally would be a&.^ 
follows: The elevator would lift the seed into a hopper over the 
weighing machine ; from the weighing machine it would fall into- 
another hopper, and from thence would pass to the cleaning machine^ ; , 
from the cleaning machinery it would pass to the main elevator in. . 
the silo house : from the main elevator it would be delivered to band 
conveyors, which would take it to any of the bins in the silo house*. 

* These bins would be arranged to discharge again to band conveyors, 
which would again deliver to elevators, and so to the bins , over the 
Anglo-American rolls in the mill. The bins in the miil wo^d be SO- 
/arranged that they would hold enough seed for the night shift, when 
all the silo house and other machinery could be stopped. 

, Machinery for Cleansing Linseed. The Magnetic Separator, its 
Use and Action. 1. Use,— The magnetic separator is largely used- in 
oil seed crushing mills for separating magnetically any stray piec^ dB 
iron or steel, e.g. bolts, nuts, nails, hammer heads, and sucbr like 
seeds or nuts previous to being ground and reduced, thus obvififtihg 
.stoppages and complete ^breakdowns. , , y 

2. 4otion.— The seeds or nuts are , fed on to a^shaki^ 'ti|gr 
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(covered with sheet steel) which distributes the feed evenly and forces 
the iron or steel to sink by gravity to the bottom of the stream, which 
then'passes over the revolving magnetised cylifider, the non-magnetic 
material falling down in front whilst the stray pieces of iron or steel 
are carried round past the bottom and released and dropped at the 
back. • 



The release is effected in a very simple manner by two commutators 
(one at each end) breaking the electric current which circulates round 
the magnet coils at the moment each row passes the bottom. These 
commutators also connect each row as it comes to the top, thus 
magnetising them again. _ 

Machmenj for Screening Sometimes the screens are 

circular. Such screens are used to free linseed from dust and lamps. 
The barrel or body of the screen revolves in an inclined^ position^ the 
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higher portion of it being covered with wire gauze sufficient to retain, 
the seed but to allow the dust to pass through. The lower part of the 
■screen rs made of wirb of sudh a mesh as to let the linseei {)ass ^ 
through, while retaining any lumps or pieces of metal, f The latt^jr 
pass out at the end of the barrel. Such a screen will cleanse 3 to 28 
►cwt. of linseed per hour according to capacity. » 

druihing Bolls. — The seed passes front the cleaning machinery, to 
the rolls or crushing mills where it is ground in^o meal. The meal 
is then elevated into the kettle or heater j^vhere it is heated and 
tempered, this operation facilitating the flow of oil when in the press, 
whilst much albuminous matter is solidified. 

Moulding Machine. — From the kettle the heated and tempered 
.meS/l is drawn off into the moulding machine or former, where it re- 



JFig. 5.— Screen for freeing linseed from dust, dirt, sand, grit, and metals. The 

use and action of this machine are so obvious as to render description super- 
‘ fluous. 

ceives a preliminary pressing before being pressed in the Anglo- 
American presses. As the cakes are moulded or formed by the 
moulder they are taken from this forming machine on steel trays pro- 
vided for the purpose. 

Presses . — As soon as one press has been filled by the pressman in 
this manner Jie turns on the hydraulic pressure to the press from the' 
pumps or accumulators, as the case may be. As the pressure* rises 
in the press the oil begins to flow from the compressed meal, at first 
slowly and then very rapidly, gradually ceasing when the bulk of the 
oil has been removed-, and when the pressure has been on 3 or 4 
minutes the flow of oil practically ceases, the oil simply dripping away , 
from the now compressed cakes until the pressure is turned off. If 
m(A*e presses than one are being used they are filled one after the other 
until t)ie whole battery of presses is charged. The presses are allowed 
to retnain under pressure for a fixed period, which varies under special 




’ THE PRODUCTIO^N OP LINSEED 01^. , 16 

loonditions from 10 to 40 minutes, and when the proper time has 
elapsed the first press is turned down, i.e. the pressure is turned off 
and^he ram allowed to descend, the cakes being removed one by one 
the ramt descends and fresh charges of meal i^itroduced where- 
■ever a cake ^ removed. As the cakes are removed they are placed on 
table neal the paring machine. The man bperating this paring 
machine then strips off th§ bags from the cakes, and pares jjht^oily 
edges away from th’b cakes by means of the paring machine, these 
oily parings being reducgd to meal again and returned to the kettle to 
be again worked up. The pared cakes are placed in racks in which 
they are allowed to stand until perfectly cool, when they can be re- 
moved to the cake house or store, to be stocked or delivered to cus- 
tomers as occasion demands. The cake racks are usually allowed to 
stand in the most draughty part of the mill to assist the cooling pro- 
cess. In a like manner othei similar small seeds would be treated, 
as, for instance, sunflower, mustard, china beans, some kinds of rape, 
poppy, and such other seeds as require a single pressing only. 

The Ce^shing of Linseed. 

EoUs, — The first process in crushing linseed is to pass it through 
the rolls. It is conveyed to the hopper by an elevator or chute and 
distributed to the rolls by a fluted feed roll the same length as the 



Pig. 6.— Rolls for crushing linseed. 


feed rolls at the bottom of the hopper. From the feed roll it falls, 
a gtiide-plate,\'l which carries it between the first and second rcJllfc 
After passing between these rolls and being ' partially crushed fal^! 
^ni guide-plate on the other side, which carries it between the 



Fio. 7. — Oil mill, with 4-3 Anglo-American presses. 
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and third rolls, where it is crushed more fully. It then falls on 
anotj^er guide-plate, which carries it between^the third find fourth 
rolls, where it is ground more fully still. In the larger rolls it falls 
on*a fourth guide-plate, where it is conveyed betwe?n the fourth and 
fifth rolls anjj receives the final grinding. The seed is thus crushed 
four times in its passage through the rolls, which, being brought^nto 
contact by a combination c8 a screw and spring, give a smodfth and 
easily regulated pressure. When the seed falls from the bottom roll 
the grinding is found to be much more complete and perfect than in 
seed that has passed through rolls and under stones of the old de- 
scription. • 

The crushing of linseed resolves the seed into two components : (1) 
oil, (2) cake. Linseed only requires to be pressed once. The reason 
for this is because the cake is the most valuable feeding stuff which a 
farmer can use, and its best preparation for use as a manure is to pass 
the cake through the stomachs of cattle. By so doing the value of 
the calce as a fertiliser is reduced very little. The seed is therefore 
resolved by crushing into linseed oil and linseed oil cake ; the cake 
after passing through the stoinachs of cattle excels as a fertiliser. In 
order to secure the best results in the crushing of linseed, thereby 
obtaining pure oil and a cake that will pass the scrutiny of the agri- 
cultural chemists, one or two matters must receive proper attention 
at the outset. (1) The seed must be perfectly clean and free from 
earth, sand, grit, and other extraneous matter. (2) The seed must 
be free from all othei- seeds than linseed. (3) Oleiferous seeds 
of the type of non-drying oils I’educe all those chemical and physical 
constants which are typical of linseed, and drying oils, besides being 
objectionable by impeding drying. Linseed is sold generally on a 
basis of 95 per cent, purity and even as high as 97 per cent. When 
crushing linseed of this degree of purity it is not deemed necessary to 
attempt to clean it to a greater extent. But lower grade impure 
linseed is screened by passing through sifting machinery. (4) Linseed 
oil may be contaminated with non-oleiferous seeds, or seeds that are 
approximately so, which must lower the yield of oil obtained on crush- 
ing pro rata. 

• Steam-heating Kettle and Moulding Machine . — The meal heating 
kettle is made fr(^ steel boiler plates — not from cast iron — is 5 feet 
6 inch^ diameter by 3 feet 2 inches deep, and it is st^m-jacketed 
round the sides and bottom. The stirrer is actuated by self-contained 
driving gear — belt driving pulley, bevel wheel, pinion, vertical and 
horizontal shafts of polished steel, the whole being supported by a 
strong bracket fitted with gun-metal bearings fitted to the top of 
the kettle. The kettle is fitted with: (1) internal steam spray for 
moistening the meal with control valve ; (2) steam pressure gauge ; 
(3) control valves for steam and condensed water; (4) automwic 
shutter. The kettle is covered with hair-felt, for retaining the t^atl 
Coating, for the sake of neatness, is covered by sheet iron. The kettle 
VOL. I. 2 i 
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itsdf is supportea by a pair of strong cast-iron bracket's,' which are 
^ securely bolted to the mill-floor, thus preventing all vibration. As the 
kettle 18 made from boiler plates, instead of cast iron, a much greater 
steam pressure dkn be sustained, without danger, so th^ crushed seed 
can be treated at a^ higher temperature, if need be. The system of 
ea^iron kettles has been discarded for some time as bCing liable t.o 
fraotute, explosion, and leakages. SupefimpQsgd two-decker kettles 
are made to meet special requirements. 

^ Fig. 8 is a vertical section of the steam kettle of Hallette, and 
a is the wall of masonry, upon which, and the iron pillar, 5, the pan 
is supported. It is enclosed in a jacket, for admitting steam into the 
intermediate space rf, d, d, at its sides and bottom ; c is the middle of 
the pan in which the shaft of the stirrer is planted upright, resting by 



Flo. 8.— Hallette’s steam keitle. 



1 s ower end in the step e; / is an opening by which the contents 
a. emptied ; </ is an orifice into which the mouth of 

e Iteir o^ worsted bag is inserted, in order to receive the heated 
seed when it is turned out by the rotation of the stirrer and the 
withdrawal of the plug /from the discharge aperture ; h is the steam' 
induction pipe ; and t the eduction pipe which seiwes also to run off 
the condensed water. 

After passing through the rolls the seed falls into a screw conveyer * 
w ich pla^s it in an elevator that raises it to the steam-jacketed kettle 
. If; where the seed is heated and damped by a jet of steam and 
a giving stirrer. These kettles are of cast iron, and are 
Dofistructed m the strongest and best mannAr Thore is only one steam 
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joint in them, and that is faced in a lathe or planed quite true. There 
is, tljerefore, little liability to leakage — always a dreadful nuisance. 
When lagged, the kettle body is fitted with a wooden frame, covered 
wifh felt, an^the felt is enclosed in iron sheathing. *Up to this point 
the operatioij are automatic. 

. Hydraulic Cake-forming and Moulding Machines. — Lil^e ^he 
kettle these machine^ •are ^uite self-contained. They are iJfeed to 



Fio. 10. — Seed heating kettle and cake moulding machine. 


measure the exact quantity of heated meal from the kettle sufficient 
♦ "to form one bake. This quantity of meal is subjected to a preliminary 
pressure previous to being placed in the hydraulic press. Thoj 
machine is “fitted with a balancing measure frame, made of hardwood 
lined with sheet steel, and is complete with meal striciling boxf eto.j 
V^Thn compression is imparted by a hydraulic cylinder fitte^with 
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6 inches diameter, working in connection with the low pressure ac- 
cumulator at a pres^ire of 500 to 700 lb. per sq. inch, such pr^^sure 
being generally sufficient to show a film of oil on the press cloth,, 
the seed prior to compression being about 3^ inches deep, and bding 
reduced by pressure, to about 1;J inches. Each machin^^is fitted with 



type of moulding machine one man can with perfect ease measure, 
mould, and compress sufficient cakes for four presses, making 64 cakes 
in 20 minutes. 

^ The automatic moulding machine is worked direct from the low- 
pressure accumulator, and possesses the following important advantages 
ove» the ordinary type of machine : — 

Greater Capacity and Output . — Working in conjunction with 


Fig. 11. — Hydraulic cake-moulding machine. 
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% four-decker kettle it is capable of heating and moulding sufficient 
cake^for sixteen Anglo-American presses, making 256 cakes every 35 
minutes. A double kettle and automatic moulding machine is’ equal 
to i^vo kettles*and two moulding machines of the oldliype. 

2. Laboul^ Saving . — There is a great savingj Only one man is 

required to mould the cakes for sixteen presses as against four men 
with the ordinary typg i)i machine. ^ 

3. Efficiency. — The work is better and more satisfactorily done 
than by hand moulding, aftid the cakes, besides being pressed from top 
and bottom, are also compressed at sides and ends, so that the seed is 
not apt to spread when pressed in the hydraulic press. 



Fig. 12.— Showing the internal working of a hand-wrought hydraulic pump and 

press. 

4. Economy of Mill- floor Space. — This is considerable. 

5. Cost Liquidated by Saving in Wages. — If the first cost of the 
double, kettle and automatic moulding machine is slightly ^eater 
than the cost of two ordinary kettles, yet the saving in wages, say 50 
to 60 shillings per week, working day and night, pays an enormous 
interest on the increased cost. 

The automatic moulding machine is now, on account of its many 
advantages, gradually replacing the ordinary hydraulic or steam- 
moulding machine. In the largest oil mill in this country there were 
until recently twelve automatic moulders, each with three kettles, serv- 
ing ninety-six standard Anglo-American presses, when six mcirq of 
these machines, each with four kettles, were installed, both kettleslknd 
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moulding machines working in conjunction with another set of ninety- 
' six presses, each moulding machine feeding a battery of the presses. It 
is advisable to install two, three, or four-decker kettles, according to 
.the number of the presses to be served, so as to ensure better heating 
and moistening of tjie meal than when a single kettle /is used. The 
result of this method of working is that the yield of oil will be con-, 
siderably increased, the amount of oil left in the cakes being of course ' 
correspondingly less with a larger percentage of moisture. 




Fig. 14. — Showing a longitudinal sec- 
tional view of the circular cake oil 
press shown in Fig. 18 after the 
press boxes have been charged and 
pressure applied. Note the new 
position of the ram B and the colleo- 
Fig. 13.— Sectional drawing of a tion of the oil*in F from which it 

• Geiman oil press. flows by spouts G to H. 


The bags containing the seed are placed in the cavities of the 
shelves or press, boxes EEE and then the ram B starts working. 
As it ascends, each bag is energetically compressed between the base 
of the press box containing it and the projecting bottom of the box 
next above it. To resist the pressure the head piece C of the press is 
supported by stout pillars. The oil runs out into the circular grooves 
sFF ^nd thence to delivery spouts JJ, ancl thus through the pipes to 
tfeVjrtical oil shoot J3 leading to the oil reservoir. 


,PaOD]fOTlON OF "lilUmb OIL* “ SS}-’ 

The hydraulic press as used in oil crushing and how it ibcts <will 
be r^dily understood from a careful study of Figs. 12, 13, jtnd 14; 

The press installation below shows two sets of the latest and 
improved tyje of “ Premier ** presses as used in ^ne of the most"/ 
important oi^ mills in England. Each’^^set consists of two pi?e88es 
having “ cages ’’ or cake chambers 19 inches diameter and 9 fe6t ^ 
long internally. Eacjj pres^as its own kettle 5 feet diameter b^iaffeet 
2 inches inside dimensions ; the wholel installation is constructed, in 
fact, on the most modern* lines and is suitable for a working pressure ■ 



Fig. 15.— “Premier” presses. 

erf 3 tons on the sq. inch of the ram. The presses illustrated are for 
the moment engaged on the first pressing of castor sped. The seed is 
fed whole to the kettles heated by steam to a temperature of abou|^/ 
90° F. and afterwards pressed in the presses to the pressure indicated^^ 
,The resulting cakes contain only 10 per cent, of oil and frequeptTO 
Jess, recjent analyses showing only 8*5 per cent, of oil remaining in 
cske. The percentage is on the weight of the cake, and not cgi 
tolbal amount of oil^u the seed prior to crushing. ' ^ ' * 
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Fig. Ijp — Ground i^lan “ Anglo-Premier’* mill for oil seeds reqniriug twice pressing. 
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These mills are on the Anglo-American system worked in com- 
hina^on with “Premier"’ presses, and are designed for expressing 
the oil from seeds and nuts which require two pressings, the ‘first of 
wh'ich may bS either hot or cold. * 

The mill •illustrated in the plan is designed^ for the working of 
ground nuts, sesame (gingelly), and other similar small oil seeds^nd 
•consists of a No. 4 A^gjo-Aifiencan mill working in combinatioi^ith 
a pair of “ Premier” presses. 

The process is as follows : The seed to be treated enters the mill 
at point A, and is ground by a set of Anglo-American rolls B ; the 
rolled seed is placed by *he elevator C into the kettle D of the 
“ Premier ” presses and the first pressing effected in these presses EE. 
The cakes from this pressing are then broken up by the cake-breaker 
E, and falling into the elevator (1, are fed into a disintegrator H, 
which reduces the broken pieces to meal, which is placed by the 
elevator J into the Anglo-American kettle K, from which it passes 
through the moulding machine L to the Anglo-American presses M 
(four in numher). The paring machine is shown at N, and the pressure 
pumps at 0. i 

These mills are made up to any size, the above being a single 
block or “unit”. They can at any time be worked on the ordinary 
Anglo-American system foi* linseed, cotton seed, etc. 

The hydraulic presses on the “ Leeds ” system are specially designed 
for pressing the oil from palm kernels, copra, castor, sesame, ground 
nuts, East Indian rape, German rape, ])oppy seed, etc., and are equally 
■suitable for cold or hot ))ressing. Owing to the high percentage of oil 
•contained in the above seeds and nuts, it is only possible to extracl^ 
the oil efficiently when the meal is confined during the time it is 
subjected to pressure in a pi’cssing cage on the “ Leeds ” system. Hy- 
draulic ])resses on the Anglo-American and similar systems are un- 
suitable for any kinds of seeds or nuts which yield more than 35 per 
cent, of oil in the first pressing, owing to the difficulty of keeping the 
meal from spreading and escaping to a large extent from such presses 
immediately it is subjected to pressure. Hydraulic presses on the 
Leeds ” system are usually worked in batteries of two, three, or four 
presses receiving their supply of meal from one kettle, the latter being 
suitable for worliing the meal either in a hot or cold state.^ The 
presses possess the following advantages : * 

1. The pressing is practically continuous with the exception of the 
time required for emptying and filling the pressing cages, the remain- 
ing presses being in the meantime under pressure. 

2. The improved “ Leeds ” pressing cages are so constructed that 
the meal when under pressure is retained in the cage, the oil in the 
meantime being extracted and flowing freely through the minute sljts 
of the cage, falling by gravitation into the receptacle at the bottom of 
the presses and thence into a special settling tank. The edges eff^the 
pressed cake do not require paring. The quantity of see^ whicl^ may 
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escape from the cage during the process of pressing is reduced io th^ 
minimum. An enormous saving of press cloths or mats (approsi*^ 
mately 50 per cent.) in comparison with those used in Anglo- Anderican 
or Wmilar ^pr^sses. Easy manipulation and econocUy in labour, ma 
skilled men being required. For working four ^of the largest isized 
presses only tnree or four men are required. * ’* 

Each press hold^ .sixteen cakes, and is furnished witki^ifeer 
cylinders 16 inches in diameter, which can^ a working pressure 
of 1| tons on each square inch of the ram. All the columns, 
cylinders, rams, and heads are planed and turned accurately to gauges, ^ 
to ensure that every part will take its due proportion of strain and 
DO more ; the pockets dhat take the columns are not cast aS' is usual 
with fitting strips top and bottom, but are all solid throughout, and are 
all machined out of the solid to gauges. •’ 

Pimps . — The pumps for working the presses in the Anglo- Amerioah ' 
system of oil crushing ai’e made of the highest class of crucible cast^ 
steel, and are all bared out of the 
solid. Two of the pump rams are 
inches in diameter and ha^’e a 
stroke of 7 inches. These rams 
give only a limited pressure, and 
the arrangements are such as to 
give the limited pressure on each 
press in about 14 seconds. The 
pumps then stop automatically. 

The work is then taken up by 
two other pumps having rams 1 
inch in diameter and a stroke of 7 
inches, and is continued by them 
until a gross pressure of 2 tons 
per square inch is attained. This 
is the maximum and is arrived 
at in less than a minute. The 
oil as it comes from the presses 
falls into the tank underneath, which serves as a foundation for the^ 
presses, and is pumped from there into the store cisterns. 

The cake plates between which the meal is pressed are all well 
fitted apd have a corrugated surface. If a brand be req^iired (Sn the 
cake, say, letters about 3 inches long are clearly cut into one s'ide^ 
of the plate and all the remainder is corrugated. These plates ar^ ; 
all made of wrought and cast malleable iron. < ^ 

Cahe Paring and Moulding Machine,— The cakes require 
' The parer strips his cake and lays a number of these on a 
table. He takes up one and lays it on the machine, having-pone 'sid^^ 
^^paraliel to the trough and overlapping it about an inch, one end bei^j^ 
placed against a fence, either to the right or left, depending oh 
|jfltl*okeihe machin§ is taking. The knife ‘block passes al:(jig,an|^^^ 
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■one side clean and straight. The cake is now turned over and the 
other edge treated in a similar manner. He now turns the cal^^ half 



Fkj. 19. — Hydraulic pump. 



Fig. 20. — A rectangular cake plate with Japanese brand. 

lo^d, places one side against a fence, and cuts off the oily part at 
Dne^nd j game with the other end. 
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The Cake is now ready for the market, and has been pared by two 
doub^ strokes of the knives, the speed of whi(jh is about thirty per 
minute. Fences or gauges may be added to give all the cakes one 
exact length and breadth, but these make more parin^^s, as the fences- 
have to be sef^to suit the worst cakes. These machines can be dfiven 
by a shaft either parallel with or at right angles to the knife bar, ajad 
are suitable for paring,either*parallel or taper cakes. 



Fjo. 21.— Cake-paring machine. 


9 ^ ^ 

Th% Double Pariwj Machine— V om machine is designed to pare 
the pressed cakes from the presses to one uniform size and suits either 
taper or parallel cakes. All the moving parts, with the exception of 
the driving pulleys, are under the table, this system securing great 
steadiness in running. The parings, after they are cut from the cakes, 
drop into a central trough (in the table) fitted with a worm conveyer 
which carries the parings automatically to the paring stones and witb 
improved chopping knives which break up the parings. Sach paring 
machine is suitable for paring the cakes from two sets of Aaglo- 
American presses, producing 256 cakes per hour, two attendants Jpemg 
require, d, who also strip the press cloths from the pressed cakes. 
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^ The siAgle paring machine is identical with the above except that 
it is suitable only for oaring the cakes from one set of Anglo-American 
presses, producing 12b cakes per hour, one attendant being required. / 



Fkk 22. — Edge runner. Front view. 


Combined Paring and Tritnratmg Machine. — This machine is 
dentical with previous ones, but is fitted with improved machine for 

triturating or granulating the cakes 
from four Anglo-American presses, 
producing 128 cakes per hour. 

Edge Bunners for Grinding 
Cake Parings. — 1. Gear driven from 
above (Figs. 22 and 24).— The par- ^ 
ings are taken to the edge runners 
to be ground. These are made of 
the best Derbyshire grit stone, and 
are furnished with a set of cast-irpn 
centres. One centre has, a long 
boss on it, which passes right 
through the stone and the centre 
on the opposite side, and has a long 
brass fixed on each end of it. These 
centres are securely fixed to the stones with bolts that pass through 
them, and they are also run into the stones with lead or cement. On 
khh outside centre there is a cap fixed with screws, quite oil-tight, and 
large enough to hold several pints of oil. The spindle 6n which the 
stoie^ Revolves passes through the centre of the upright shaft, and the 



Fio. 23.— Edge runner. Plan. 
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Stone centre baf a cap fixed on each end of it with cotters. These ca^ 
are ei^losed in the oil-cups described above, and revolve among the 
, oil contained in them, thus causing such a perfect lubrication Of the 
spindle as to ifiake it quite unnecessary to withdraw •it ofteber than 
once in several months. The casting that carries the vertical shaft 
passes througlf the bed-stone and goes beneath it, projecting beyond 
its circumference at six points, where it is attached to the circulaipSn 
Above by six brackets.* The top of this casting is fitted with a “ step," 



Fig. 24. — Edge-stones. 


oonstruoted in several parts, which can be removed or r^laoedPin a *; 
few minutes without disturbing the driving wheels. The vertical 
■shaft is made of cast iron, about H inches in diameter, having an 
oblong chamber or navel formed in the centre, into which is fitted # 
strong cast bush having a brass bush at each end through which th^;/i 
■stone spindle passes. The bush is free to rise and fall in the navel ai 
material is added to or taken from the stones. All the sweepers an^V' 
sweeper frames are made of wrought iron. The circular pan is ma 
of oast, iron, dished slightly, and having a rim round its ciroun 


? inches 


deep. 


All the bearings are brass, , made very hea^ 
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unusually long. The ground parings are carried from the edge rumiert 
by a conveyer, from which they fall into the seed kettle. 

2. 'Belt driven from underneath (Fig. 23).— These stones are con- 
; structed in a siihilar manner to ordinary §dge-stones, bAt are provided 
with two carfe plates instead of one. The higher caiie plate is- per- 
forated so that the material that is being ground may ^ass through it 
as S^n as it is sufficiently pulverised, when it. falls on the lower plate, 
where it is gathered together and discharged through a shuttle at any 
convenient point. The fineness or coarseness of the perforations regu- 
lates the texture of the ground material. For grinding anything that 
has to be reduced to an almost impalpable powdei', these stones are un- 
suitable, but for grinding any material that is improved by being kept 



Anglo-American oil mill, to crush and press about 50 

nirar « J sunflower, mustard, 

niger, and similar seeds, per week of 132 hours. 


slightly granular they are invaluable, as they do much more work 
than ordinary stones, and can be arranged to feed and deliver in a 
'^7 principally Jor grinding cake 

The yhurst Kettle Controller. -Th\^ appliance is to prevent the 
erratic charging of presses whereby the quantity of meal in the kettle 
IS constantly varying, with the accompanying result that the tempera- 
ture and proportion of moisture also varies so as to seriously afifect . 
s»^*i^ appearance of the cakes. It has been 

Ee anfcT >vith the patent automatio- 

ke^e and cake-moulding machine, each of which easily forms the 
cabes for eieht ordmaw 1 fi... i^e presses and requires only one attendant, 
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but it is also equally applicable to any hydraulic cake-moulding 
mac]jine. It regulates the number of cakes that can be made in any 
given time, and the attendant can only forfti a cake at such in- 
tervals as ma^ be determined by the mill manager, thus ensuring that 
the meal shall be evenly mixed, uniformly heated, and regularly dis- 
tributed to thfe presses. Inter alia, there are a very great reduction in 
wear and tear of baling, ^ better and more regular yield of pjir At a 
lower working pressure, and the improved appearance of the finished 
cakes. This regularity is got by aid of a hydraulic control valve 
which allows the pressure to pass only at predetermined intervals. 
The valve is actuated by as worm and worm wheel from the kettle, 


Fig. i26.— Bathurst kettle controller as applied to the patent self-acting seed 
kettle and cake-moulding machine. 

upright or cross shaft, or from any other convenient shaft, and any de- 
sired variation of speed may be obtained by change wheels. This 
control apparatus*can be applied to any existing 
Ihjdraulic Gauges. — Gauge, Fig. 27, of the 
struction and fitted with maximum indicator, with lock-up, including 
piping and fittings connecting the gauge with the press. A similar 
gauge to Fig. 27 is sometimes fitted with an alarm bell mounted on 
a polished board. The bell is intended to ring when a certain 
predetermined pressure has been reached. The bell contains a clock 
movement, which is wound up by turning the knob on the top^of 
the bell, and is set in action by a set of rods connected with the 
spring of the pressure gauge. The pressure at which the alarm *ahalll 
VOL. I. 3 


moulding maeVne. 
most improved con- 
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be given is arranged by setting an index pointer to the desired pressure 
on the^cale, the pointer being secured to the vertical rod in the desired 
position by means ot two small milled nuts. The action of this 
apparatus is vefy reliable, and it can be confidently redbmmended. 

The Automatic Mechanical Control of Oil- seed brushing. Green- 
wood (d Batleifs Automatic Becorder. . ^ 

Description. — This apparatus is designed to give a continuous 
record, in the form of a diagram, of the work performed by a system 
of hydraulic presses in the course of an interval of 12 or 24 hours. 



Fig. 29.— Group of four “ Ideal ” valves on cast-iron stand, showing pipe 
connections. 


The diagram serves to show: (1) The times when the several presses 
were brought into action. (2) The rate of increase of pressure an# 
the time occupied in attaining the maximum pressure. (3) Tfce 
amount of the maximum pressure, and the length of time durii% 
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which this pressure was maintained. (4) The rate at which the- 
pressure was reduce(J, and the time occupied in reducing the pi^ssure. 
(5) The number of times the several presses were brought into opera- 
tion, and the distribution of the work during different parts of the day 
or night. The apparatus is attached to a wall by means of a bracket, 
^nd .the pipes projecting beneath the apparatus are connected to the 
cyftbders of the presses. The pressurelrom ejach press enters a steel 
tube, which is constructed similar to those employed in high pressure 
gauges. The displacement of the end of the tube is transmitted to a 
parallel motion carrying a pencil, which marks the diagram on a slip 
of paper mounted upon a drum. This drum is rotated by clockwork 
at the rate of one revolution in 12 or 24 hours, the hours being marked 
by vertical lines on the diagram. The upper part of the apparatus is 
enclosed in a glass case, which can be opened and locked if required. 
The indicator is arranged to register the work of four presses simul- 
taneously on the same slip of paper, the diagrams of the different 
presses being entirely independent. The apparatus is made very 
strong, the workmanship being of the highest excellence throughout. 

Valves . — Ever since the introduAion of accumulators into oil 
mills an automatic valve has been a desideratum. It is claimed that 
the “ Ideal ” valve supplies this want. The whole of the fittings are 
contained in a solid, forged, mild-steel block, and all are of special 
quality gun-metal or cast steel. The valve is entirely automatic in 
its action and does not in any way depend on the attention of the 
pressman, who only has to open the valve when he is ready to send 
the press ram up and close the valve when the press ram is to be 
lowered. When the admission valve is opened the low pressure 
flows through a regulating valve at full bore until the slack in the 
press is taken up, at which time the resistance in the press gradually 
closes this regulating valve, thus reducing the speed of the rise of 
the ram and saving wear and tear of bagging. This valve, however, 
does not quite close and consequently the pressure creeps on until 
the maximum pressure of the low pressure accumulator is reached,, 
when the high pressure valve is automatically opened and the low 
pressure service is cut off by a check valve. The flow of the high 
pressure is also regulated by suitable means to prevent a too rapid 
rise^of the ram. When the pressure has been «>n the press for the 
desired lei%th of time, the admission valve is closed and tj;ie presa 
ram falls. Special stop valves are supplied in each main valve so 
that the valves may be ground in when necessary without any other 
press out of action. The “ Ideal ” valve is simple and efficient and ia 
not likely to get out of order, and once adjusted is always adjusted 
and certain in its action, and its makers claim for it a maximum yield*” 
oil and a minimum wear and tear of press cloths. The system 
can also be applied to presses working with three pressures, such valvea 
b^teg chiefly used in connection with cage presses. 

{!xtraciion of Linseed Oil from the Seed by Solvents . — As linseed 
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does not lend itself kindly to extraction by solvents, the process is not 
of injportance ; those interested will obtain full ^particulars in Andes’ 
“Vegetable Oils ” (Scott, Greenwood & Son) ; in addition Figs. 3l, 32, 
33, are shown* illustrating character of plant employed. 

The main reason why linseed is not submitted. to extraction iS due 
to the fact that the residual meal would be devoid of oil copteyt. 


BiEfi 


HID 




i. River craft. 

Ship elevator. 

Seed cleaning screens. 

Band conveyers. 

E. Grain silos. 

Crushing roUs. 

T. Nut breakers 
a Elevators. 

1. Preparatory rolls. 

K. Extracting pots. 

L. Bins. 

M. Drying machines. 

N. Screw conveyors. 

P. Pulverators and weighing machines, 
^ Engine. • 

R. Boilers. 

Condelsera. 


T. Vacuum oil i separators. 

U. Evaporating stills. 

V & W. Dephlegmator plant. 

X. S ilvent trap tank. 

Y. Solvent stores. 

Y^. Mixed solvent tanks. 

Z. Oil store tank. 


F.g. 33. — Ground plan of solvent extraction plant to treat 600 tons per week. 

Extractive methods, however, are employed in the laboratory, for in 
organised mills it is reasonable that each delivery of linseed should be 
* regularly sampled and the percentage of oil ascertained by means of 
some such apparatus as shown in Figs. 34, 35, 36, the working^! 
which is illustrated by Fig. 34 and explained as follows : — 

The solvent distilled from B ascends tube A into condense? K, 
from which it falls on to a weighed amount of material Jo* be 
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extracted, enclosed in a “ thimble ” of bibulous filter paper, or in its 
abseijpe in fine wire gauze, and laid in the wide central tube of A, 
from which, charged with oil, it runs off automatically through left 
syphon tube into B, whence it is redistilled, and so the cycle goes on 
until the material is exhausted of oil, when the flask is detached, the 
ether distilled off, and the residual oil weighed. 

By such means dgtermiRation of the oil content of cake, from 
the different presses would also be made, hence avoiding production 
of unsaleable cake caused thi-ough want of correct oil percentage 
guaranteed by vendors. Example ; If an oil miller purchases 1000 
tons of linseed containing 35 per cent, of oil, and he guarantees his 
cake to contain, say, 13-3 per cent, of oil, when stocktaking he should 
be able to account for 250 tons of oil and 760 tons of cake of above 
oil content. The following table gives percentage of oil obtainablfe by 
extractive methods from different seeds, etc., also percentage of oil in 
cakes.: — 


PERCENTAGE OF OILS IN DIFFERENT SEEDS, ETC. 


4 — 


j 100 Parts of Each. 

Oil per Cent. 

Walnuts 

40 to 70 

Castor oil seeds .... 

62 

Hazel nuts .... 

60 

Garden cress seed .... 

56 to 58 

Sweet almonds .... 

40 „ 54 

Bitter ,, 

28 ;; 46 

Poppy seeds 

56 „ 63 

Oily radish seed 

50 

Sesamum (jugoliiie) 

50 

Lime-tree seeds .... 

48 

Cabbage seed 

30 to 39 

White mustard 

36 „ 38 

Rape, Colewort, and Swedish Turnip seeds . 

33-5 

Plum kernels 

33-3 

Colza seed . , .... 

36 to 40 

Rape ’ . 

30 „ 36 

Euphorbium (spurge seed) .... 

30 

Wild mustard seed 

30 

Camelina seed 

28 

Weld seed 

29 to 36 

Gourd 

25 

Lemon 

25 

Onocardium acanthe, or bear’s foot 

25 • 

Hemp seed 

14 to 25 

Linseed 

85 „ 45 

Black mustard seed 

15 

Beech mast 

15 to 17 

Sunflower seed 

15 

Stramonium, or thorn-apple seeds 

16 

Grapestones 

14 to 22 

Horsechestnuts 

1*2,, 8 

St. Julian plum 

18 


To obtain the above proportions of oil, the fruits myst be all of 
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good quality, deprived of their pods, coats, or invoUwra, and of all the 
parts destitute of oil, which also must be extracted in the best manner. 

PERCENTAGE AND RATIOS OF OIL AND FREE FATTY«'ACIDS IN OIL 
SEEDS AND IN OILCAKES. 


% 


Seeds, 

* 


r 

Oakes. 



100 Parts of Seed 






contain : 

100 Parts of 

Fatty Aiiid 

Total Oil 

Free Fatty 


— 

— 

contains 
Fatty A(-idf». 

in Cake. 

in Cake. 

Acid in Oil. 


Free Fatty 
Acids. 

Total 

ou. 

Per Cent. 

Percent. 

Per Gent. 

Rape* seed . 

0-42 

37-75 

1-10 

0-93 

8-81 

10-55 

Kohl Rabi seed . 

0-32 

41-22 

0-77 



] 



Poppy seed . 

3*20 

46-90 

6-66 

5-66 

9*63 

58-89 

Earth nut kernel . 

1-91 

46-09 

4-15 

1-42 

7-65 

. 18-62 

„ husk . 

1-91 

4-43 

43-10 

— 



— 

Sesame 

Palm kernel, with 

2-21 

51-59 

4*59 

6-15 

15-44 

40-29 

6 per cent, husk 

4'19 

49-16 1 

8-53' 

1-47 

10-39 

14-28 

Koprah 

2-98 1 

67-40 

4-42 

1-31 

13-11 

10-51 

Castor . 

1-21 1 

46-32 

2-52 

1-27 

6-53 

20-07 

Linseed 


— 

1 

0-75 

8-81 

9-75 

1 



CHAPT^IE III. 

COMPOSITION f)F LINSEED OIL— MUCILAGE OR FOOT^. 

Freshly crushed raw linseed oil, or even oil that has 7iot been tanked 
for some considerable time and has thus earned the distinction of old 
tanked oil, in other words, ®il that has not been allowed to settle out 
by direct deposition, not only its suspended matter but also the im- 
purities which it holds in solution, undergoes a change when heated to 
400° F., a change by which the previously clear yellow becomes tifrbid. 
This change the oil boiler or varnish-maker describes as “breaking" 
or “ spawning Gelatinous transparent flakes appear in the oil about 
the size of herring scales. Although they eventually aggregate to- 
gether into masses slightly darker in colour than the raw oil, none the 
less the removal of this bre^k or spawm from the oil by filtration is- 
exceedingly difficult. But the flakes at the moment at which they 
separate from the oil are colourless, clear, and transparent as the most 
colourless mica flakes, and it is said to be a characteristic of Baltic 
linseed oil that when heated to the breaking-point it assumes a beauti- 
ful blue colour, which the author has observed in many cases, but 
whether all such were Baltic oils he is not prepared to say. In any 
case, the blue colour is only transient and is much paler than the 
previous yellow colour. There is no doubt that the oil under th^ 
action of heat throws out colourless mucilage, and the colouring 
principle of the oil is carried down therewith as foots. Foots- 
do not by any manner of means consist of the break nor of mucilage 
pure and simple. The volume or bulk of the break gives one the 
idea that the proportion of mucilage in the oil is somewhat large, 
but the actual weight present is very small. Thompson heated 2-J- 
kilogrammes of linseed to breaking-point. The oil was cooled and 
filtered. As the precipitate clogged the filter it was removed to a. 
glass where it was washed with petroleum ether by decantation. 
The non-oleaginois residue weighed 6*93 grammes = 0-277 per cent, 
of original oil. On ignition a portion of this residue gwi^e 47*^9 per 
cent, ash = 0-1177 per cent, of original oil. The oil filtered from, 
break contained 0*0039 per cent. ash. 

ANALYSIS OF ASH FROM “ BREAK ” OF LINSEED OIL. 


CaO 


Per Cent. 

. 20-96 

MgO 


. 18-54 

P.p5 


. 59-86 

SO, 


. trace 

Total 


. 9^ 


(43) 
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The ash from the “ break ” contains PgO^, an excess of what would 
form an orthophosphate with the bases present. The oxygen ii^.the 
PgOg is' to the oxygen in the bases in the ratio of 5 to 2, corresponding 
closely to that required by a pyrophosphate. * 

TABLE SHOWINC^ ASH PER CENT. IN VARIOUS SAIifPLES OF 
• • AMERICAN LINSEEf) OIL. 

Samples. * 

1. 2. 3. 4. 

Per Cent. Per Cent. Per Cent. Per Cent. 

0-1429 0-19G7 0-0609 trace 

1. Freshly double filtered raw American linsdled oil. 

2. Freshly double filtered raw American linseed oil. 

3. Good well settled raw American linseed oil. 

4. «Best American varnish oil. 

ANALYSIS OF ASH FROM SAMPLE 1. 

Per Cent, of the Oil* 


CaO 00235 

MgO 0-0221 

PaO., t . . . 0-0705 

KaO 0-0043 

SOa 0-0027 


Here again the PgO^ is in excess of bases and present largely in 
pyroform. Thompson quotes Mulder as speaking of the presence of 
OaS 04 linseed oil (but that has been shown to be quite wrong). 
No one, says Thompson, had hitherto mentioned the presence of phos- 
phates. To locate origin of ingredients of linseed oil ash, Thompson 
analysed the ash from American flax seed and the linseed oil cake 
made therefrom. 

TABLE SHOWING PERCENTAGE OF ASH IN AMERICAN LIN- 
SEED AND IN THE LINSEED OILCAKE MADE THEREFROM. 
(THOMPSON.) 



L nseed. 

Oilcake. 

i 

Per Cent. 

Per Cent. 

Ash 

3 112 

4-899 1 

N..O 2 ! 

1-83 

. 1-51 1 

Fe 20 ,Al .,03 . ... 1 

CaO* ' 

1-25 

•l-59 

9-46 1 

9-24 1 

MgO 

18-31 ; 

18-52 ! 

KjO 

26-18 I 

26-14 

N-^0 i 

1-71 ; 

3-59 i 

SO., ' 

3-96 

3-51 1 

PA 1 

35-44 

36-28 


These analyses confirm previous ones. If the ratio between the 
oxygen and the bases and the oxygen in the phosphoric anhydride in 
an osthophosphate be as 3 to 5 , then the bases are here in excess. The 
PgOj, CaO, MgO are dissolved to some extent by the oil. Very little 
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of the chief base potash is taken up hy the oil. Schmidt, Kirchner, 
and^Tollans reported phosphates in the mucilage from linseed. These- 
phosphates in linseed are probably largely combined with mucilage, 
and the compound so formed dissolved to some extend by the oil. This, 
requires confirmation. Thompson examined a portion of thoroughly 
extracted break for mucilage and obtained no reaction. The break was. 
heated with dilute HCl for a tew seconds, cooled and filtered, andalc^ol 
added. No precipitaJe was obtained. It may have been, says Thomp- 
son, that the mucilage was decomposed at the temperature applied. 
Thompson tested for albumenoids in linseed oil and found nitrogen 
less than 0*01 per cent. Tl^ same sample showed 0*04 P. This points- 
to the phosphates being comparatively much greater than nitrogenous- 
matter. A portion of extracted break showed some N, although less- 
than 1 per cent, of the “ break The P, on the other hand, amounted 
to 9*60 per cent, of the break = 57 per cent, of ash in break. 

Mucilage is therefore a normal ingredient of raw oil which from 
a technical point of view is generally regarded as an impurity. More- 
over, unripe wet seed yields an oil rich in mucilage. Linseed oil 
which has passed through aJ' filter press contains little mucilage. In 
many factories it is filtered through cloth filters, and the mucilage 
retained is mixed warm with the next batch of freshly cleaned seed 
and pressed. The oil so obtained is rich in mucilage. When linseed 
oil is stored in a tank it deposits a large amount of mucilage as foots,, 
part of that dissolved by the oil. Mucilage is not a simple body, it 
varies with the different substances present in the seed which during 
the process of oil crushing pass into the oil. The amount varies under 
whatever circumstances but very little. However, linseed oil may 
clear and bright and yet contain mucilage. When such an oil is. 
rapidly heated to 250° to 300° C. (482° to 572“ F.) the mucilage separates, 
out in flakes (the oil often assumes a bluish-green coloration). The 
foots occupy a large space and there seems a great weight of them 
they are extraordinary bulky so that their actual weight turns out 
very small. Mucilage appears during the conversion of linseed oil' 
into boiled oil so that its removal is desirable. Mucilage-freed oil is. 
termed “ varnish oil”. Instead of removing the mucilage by heat,, 
•attempts have been made to precipitate the mucilage by cooling. 
G. Bentz exposed mucilaginous oil to a temperature of about - 4° C, 
for ab|put 24 hours, and on again warming the oil so treaied onf^ quite 
a small quantity of the separated mucilage again dissolved in the oil. 
According to Niegemann this conclusion regarding linseed doe& 
not agree with his own researches, in which it dissolves during the' 
separation of the un saponifiable. It is therefore absent. The un- 
saponifiable content of linseed oil is a homogeneous waxy mass 
soluble in hot alcohol. Bomer crystallised the unsaponifiable from 
linseed oil, three to six times from hot alcohol, and thus obtained ' 
colourless monoclinic crystals of phytosterin, m.p. 137*5 to 13^° 0. 
The variations in the properties of phytosterin are accpunted^f<!*r by ; 
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the fact that various vegetable oils, in addition to phytosterin contain 
other alcohols of hi^h molecular weight, also carbides in small 
quantity. Niegemann’s statement that linseed oil unsaponiSable 
contains unsatifrated albumenoid bodies is unfounded, as during 
saponification these would be resolved into substances insoluble both 
^ in ether and petroleum ether. Researches have showh that linseed 
oil cooled to near its freezing-point — viz? to about - 20° C. — and then 
filtered at a little higher temperature, was always below 0° C. The 
linseed oil so treated was no longer turbid, and the precipitated 
mucilage was oil-free. Fraine heated linseed oil with a small quantity 
of ground quicklime, but according to Niegemann the oil so treated 
darkens on subsequent heating. Stelling prepared a special filter in 
which the mucilage was subjected to catalytic action : it was first 
treated with a solution of nitrate of manganese, then with a solution 
of borax. Fuller’s earth has been used to free linseed oil from muci- 
lage. The oil is filtered through a deep layer of the coarse earth or 
it is intimately mixed with the finely pulverised earth and ‘passed 
through a filter press. That the mucilage is completely removed in 
this w^ay is somew^hat doubtful. LiebJg was familiar with linseed 
oil mucilage and believed it to hinder the drying of the oil. On 
prolonged storage, heating wuth metallic oxides removed it. On 
his direct instructions the oil w^as treated wdth lead acetate. Mulder 
denied that mucilage occurs in good linseed oil. 

Cold pressed linseed oil passes turbid from the press, but it 
olarifies on standing, filtration, or treatment with chemical reagents. 
That w^arm pressed linseed oil can dissolve albumen can hardly be, as 
jt would coagulate at the temperature used. Plant mucilage would 
become dry and insoluble. Mulder treated a hot pi’essed oil with 
lead acetate, and so obtained a very oily deposit in wdiich he found no 
mucilage, only lead soap and lead carbonate. Weger remarks that 
Mulder must have used a specially good sample of linseed oil, also 
that his method of identifying the mucilage was defective as it may be 
present in perfectly clear oil. By treating oil with wood charcoal the 
■dissolved mucilage is removed. On prolonged heating of the oil the 
mucilage separates out. Weger filtered off the mucilage separated 
by heat and tried to free it from oil by keeping it on porous tiles, but 
•did not do so completely. It then formed a gelatinous transparent 
mass, with i, thick surface layer in a few^ days. Such a mucilage 
■shows a refraction of 77*5 against 72*4 for the oil not freed from 
mucilage. Linseed oil mucilage must not be confused with linseed 
mucilage obtained by extracting linseed with ether and precipitating 
the aqueous extract with alcohol. The mucilage so obtained contains 
many mineral substances, especially phosphates of lime and magnesia, • 
also Si 02 , SO 3 , Cl, K, Na. The organic portion contains no starch nor 
traces of cellulose nor leaves sugar on hydrolysis with dilute acids. 
G. W. Thompson made several examinations of linseed oil mucilage. 
He l^ated the fresh expressed oil to 400° F., filtered the gelatinous 
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precipitate, and washed it free from its contained oil by petroleum 
Bther. The insoluble residue formed 0*277 per cent, of the linseed oil. 

It conliained 47*79 per cent, of ash, chiefly CaO, MgO, P 2 O 5 . How- 
ever, C. Niegeifiann believes that linseed mucilage corftists in greater 
part of an albuminous body. Extracted at 120° C. on filtration it is 
pure white ; its Solution in acetic acid gives with concentrated sulphuric 
acid the characteristic violet faction of albuminous bodies. Kochs 
heated fresh linseed oil, let it settle, and treated the precipitate obtained 
with ether. His amount was only 0*06 of the weight of the oil, which 
was greyish- white. It had a faint smell of trimethylamine which be- 
came stronger on heating, showing signs of a decomposing albuminous 
body. Under the microscope mycelium, spores, mucilagenous algee, 
dust particles, fibrous particles, hair fragments, etc., were noted. On 
treatment with dilute HCl the substance reduced Fehling’s solution, 
due to a carbohydi’ate. From the Cu found a linseed mucilage of 16*3 
per cent, was calculated. On a second experiment with Indian linseed 
only 0*009 per cent, of an apjjarently solid precipitate was obtained 
from which 11*3 per cent, of an albuminous body was calculated 
from the N content, 9*1 per fcent. ash, and about 80 per cent, of 
linoxin. Eisenschiml and Copthorne found a separation of mucilage 
in the foots from expressed oil and from naphtha extracted oil. Whilst 
the ash of the first consists in greater part of CaO, MgO, 
free from silica, and that from the extracted oil on one occasion showed 
as much as 34*8 per cent. Whilst the inorganic portion of linseed 
oil mucilage appears to be the same as that from linseed, it is not so 
with the organic portion. For the elucidation of this point further 
research is necessary. The aqueous alcoholic strongly alkaline , 
solution is extracted by petroleum ether. The method was chiefly, 
used by Honig and Spitz. 

For the correct estimation of the unsaponifiable content in linseed 
oil, the! following method is adopted. About 10 grammes of linseed 
oil, accurately weighed, are saponified by 40 c.c. double normal 
alcoholic potash, the dried soap dissolved in 100 c.c. 50 per cent, 
alcohol, and the solution run quantitatively into a separating funnel. 
On cooling, it is shaken once with 100 c.c. petroleum ether, and 
foi*r times with 50 c.c. petroleum ether. The layers thus form very 
rapidly, so that each, extraction only averages half an hour, and then the 
alcoholic aqueous solution is run off. The different petroHum etter 
extracts are run into a second separating funnel, so as to remove any 
entrained soap, by washing with 20 c.c. of 50 per cent, alcohol, with 
which it is treated for half an hour. The greater part of the petroleum 
ether is distilled off the residue with the addition of petroleum ether, 
ft run into a porcelain basin, and dried as usual on the water-bath. 
Honig and Spitz have also given a rapid method, the results of 
which are technically accurate, as the petroleum ether only absorbs 
a minimum of soap. They use a special flask in the following process 
into which the top layer is run. The dried soap from about ^gramijael 
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Allen found the following percentages of unsaponifiable matter in 
various oils : — 


Oil. * 

iVr Ceut. 

Oil. 

•I’er Ceut. j 

Olivo 

1-14 

Rporm . 

* 41-40 

liapo 

1-0 

Spomfticoti . 

49*68 

Castor 

0-71 

Japan wax .• 

1-14 

Cod Ijvcsr . 

]*H2 

Lard . 

0-28 

Palm 

0*54 

Cocoa-butter . 

0-22 

Putter 

o-4r. 

i 




Fahrion has compiled the following table of the different results of 
different observers in the determination of the unsaponifiable matter 
in finseed oil : — 


Authority. 

Year. 

Uiisttpouili- 

ahlc,. 1 Jodiiir No 

I^emarlv^. 

' 

Thompson and Ballantyne 

1801 

I'er Cent. 

-* 

1 09-1*28 — 

— 

U. Williams . 

1895 

0*8 -1*3 — 

t 

0. Bach .... 

1898 

0-32 - 0-lK) -- ! 



Lewkowitsch . 

1898 

0*6 -1*1 ' — 1 



Niegomauu 

1904 

0*74 -2*15; 69*2 -91 -2 i 

/Method 1 without i 
- purification results 

Thoms and Fendler . 

1904 

0-97-1*25 83-2-97-0 

{ 25 per cent coo high ; 
Method 4 

Thompson and Duuloj) . 

1 1906 

0-88-1-25 — j 


Fahrion . 

l‘)07 

0-92 88-5 

Method 2 

„ 

' „ 

0-97 90-0 ; 

„ y 

j 

1 ” 

0-97 82*G 1 

n 4 


Fahrion believes, particularly in the separation of mineral oils 
from fatty oils, that not the alkaline but the neutral alcoholic 
solution should be extracted with petroleum ether, because using 
50 per cent, alcohol, no dissociation of the soap occurs. Such a 
supposition is in conflict with that of D. Holde, who holds that, 
with every new shaking with petroleum ether slight dissociation of 
the soap occurs, which is first prevented by the use of 80 per ceht. 
alcohol. Fahrion's modification gives high resulls. In commercial 
oleins the difference may be 1 percent, and more. With litseed oil, 
however, it is very small, on one occasion only 0*05 per cent. 

During shaking wdth petroleum ether it is found that phytosterin 
dissolves with difficulty in that solvent. It is much more soluble 
in ether. A method first described by Bomer, and altered in certain 
points by Fendler, is described below ; 10 grammes of oil are saponi- 
fied in a flask with reflux condenser, with 20 c.c. of a solution of 
200 grammes of caustic potash in a litre of alcohol of 70" F., the soap 
splutiou I'uu a separating funnel, and diluted with 40 c.c. water. 
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SO that it will contain 20 per cent, alcohol. It is (1) first extracted 
with JOO then (2) with 50 c.c. of ether. The different ether extracts 
are washed witll water. 

‘'The Detdl-mination of Unsaponifiable Matter in*Oils, Fats, and 
Waxes” has been the object of some remarks by John M. Wilkie, 
B.Sc., F.I.C. * This determination is often troublesome owing tjp 
emulsification. By adopting*a definite concentration of alcohol and 
ether before extraction, Tbest obtained by the use of ?i/2 alcoholic KOH 
for hydrolysis, the formation of emulsions may be entirely pre- 
vented, and the determination finished in 30 minutes after saponi- 
fication. The trouble experisnced in the analysis of bees' and other 
waxes, lanoline, etc., may be entirely eliminated by using 0‘5 gramme 
of wax and 4*5 grammes of castor oil, extracting as usual, and making 
a correction for the unsaponifiable matter in the castor oil. * 

Phytosterin and Cholcsierin . — Oils and fats contain in small 
quantity unsaponifiable principles, soluble in etber, very slightly 
soluble In cold alcohol and soluble in boiling alcohol. As the un- 
•saponifiable principle which characterises vegetable oils, phytosterin, 
discovered by Hesse in oil of.*Calabar beans, differs very essentially 
from the unsaponifiable principle of animal oils, cholesterin, the two 
substances may be used in a comparative manner to detect, say, fish 
oil in linseed oil or, vice versa, cotton-seed, oil in lard oil. Both have 
the same chemical composition, and are said to have the 

«ame constitution, but that is not as yet sufficiently clear. Choles- 
terin is chiefly found in' liver oils. To isolate these principles 
Salkowski saponifies 50 grammes of fat, dissolves the soap in 2 litres 
of water, and shake:^ up the soap solution repeatedly with ether. By 
evaporation the ethereal solution yields a crystalline residue which 
After being purified by cold alcohol is examined under the microscope. 

Cholesterin crystallises in thin rhombic plates, melts at 146” C. = 
294'8” F. Phytosterin yields stellate crystals or a mass of long rigid 
needles. It melts at 132” C. (269*6 R). The residue left by the eva- 
poration of the ether is then dissolved in a little chloroform and 20 
drops of acetic anhydride and concentrated sulphuric acid are added. 
Cholesterin develops a cherrj'-red coloration, whilst phytosterin givesr' 
a bluish-red with a green fluorescence bloom. When cholesterin is 
mixed wiA its houaologue phytosterin, it masks the reactions of the 
latter an^ the melting-point is lowered to less than 146” C. (S94*8” F.). 
Windaus gives the following particulars regarding cholesterol. It is 
an unsaturated secondary alcohol. The hydroxyl is enclosed in a 
hydrogen ring between two methylen groups. The double bonds are 
enclosed in an end -placed vinyl group CH : CHg. The molecule 
finally contains an isopropyl group and four hydrogen rings. It is a 
complex terpene which closely resembles cholic acid. ^ 

Phytosterin is not regarded as a pure substUnce but as mixed with 
other as yet unknown bodies. The mixture constitutes the unsapori!- 
flable. Glycerine is also unsaponifiable but is readily soluble in wa^r. 



52 


THE MANUFACTURE OP VARNISHES. 


Lezithin is also a tri-glyceride, in which the fatty acids are parti- 
ally replaced by other acids. It yields on saponification, fatty ,^cids, 
glycerine phosphate, C.^Hr,( 0 H) 3 (P 04 H 2 ), and cholin, 
C2H,(0H).|N(CH3),0H. 

Schulze and Stiggtr found 0-8 ])er cent, lezithin in linseed, and it 
ajjpears that a considerable proportioiKpasses into the oil during oil- 
crushing. 11. .laecke found in the latter 0-33 per cent, more than in 
any othtn- vegetable oil. He believes it to be combined, in the seed, 
with an albuminous body, which substance, during oil-crushing, is 
partially decomjiosed. He estimates its amount readily from the 
P. content of ash. K. Schulze has showm how it is extracted from 
the oil and isolated therefrom. 

-Colour Test for Ckolesterin.— \i cholesterin be moistened by 
hydrochloric acid or suljihuric acid containing Fe^Cl,, it hecomes of a 
magnificent violet colour. A mixture of two or three volumes of con- 
centrated hydrochloric or sulphuric acid and one of a dilute 'solution 
of the perchloride will do foi- the test, or even the commercial hydro- 
chloric acid. A small paiticle of cholesterin should be rubbed Iiy a 
glass rod with a drop of the reagent and the mixture then gently 
warmed. It first becomes of a reddish colour which as the tempera- 
ture rises changes to a !)lue-violet colour ; strong heat destroys the 
colour. When sulphuric acid is used the mixture must bo warmed 
more cautiously. Jt first hecomes carmine-red, then violet, and at a 
high temperature is carbonised. Nitric acid and phosphoric acid with 
the perchloride will not give the I'eaction. 

Liehermaim' s Cholesterol Heaclion. — O'OOl to 0'003 gramme sub- 
stance are dissolved in 10 drops of acetic anhydride, and 1 to 2 drops 
of concentrated sulphuric acid added m the cold. The colour depends 
on the quantity of substance and the temperature. 

Phytosterin as greasy plates — red, violet, blue, green. 

Jsocholesterin — red, yellow. 

liter . — Raw linseed oil maybe perfectly clear and yet contain 
up to 0*3 per cent. -American and Russian oil are richer in water 
than Indian. On heating oil containing water the water is removed 
as steam bubbles about 120' to 130" C., which point many still call 
the “boiling-point” of linseed oil. Linseed oil may be freed from 
contained ^water by filtration through fuller's earth (see p. 40). In 
America the etiect of hot pressing on the oil is regarded as negligible, 
as is also the amount of moisture present in or added to the seeds to 
facilitate pressing and to form coherent cakes. In many seasons no 
moisture whatever is added to the oil. 

The ash content of linseed oil is usually very small. Mulder 
found 0'03 per cent. Mucilaginous linseed oil contains more ash 
than mucilage-free oil. Thompson found in American raw oils up to 
0:20 per cent, ash, chiefly MgO, CaO, PjjO^v refined oil only 
traces. The American Committee on Testing Materials give the ash 
content from 0*02 up to 0*16 per cent. 
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llEFlNlNd AND BLEACHlNd ],INSEED OIL. 

• 

Oil liefinintj . — The oil expressed from oil seeds, or exti’acted 
, herefrom by solveiits, is very impure; and owing to the ])resence 
)f easily decomposable foreign substances, amongst which albumenoid 
^ iubstances predominate, and biter aha contain enzymes which start 
ihe decij-y of the oil, paint, or varnish into which they entei', linseed 
oil should not be used in its raw unrefined pristine condition. Be it 
well understood that the raw oil is used in contradistinction to boiled 
oil and in no other sense. Raw oil should therefore he refined. 

Mechanical Piirificaiion of Oil by Filters.~The first stage of 
the refining process is mechanical, the second, chemical. The oil is 
purified mechanically by conveying it as it comes from the presses 
into a reservoir, from whence a pump distributes it to the filter 
presses, in which the greater part of the impurities which it holds 
in suspension are separated. The dissolved impurities, including 
dissolved mucilage, pass through the filter, still in solution. 

Chemical Purification— Hep nimj. — Chemical purification consists 
in treating the oil, after it has been previously mechanically clarified, 
in a methodical manner W'ith dehydrating agents such as concen- 
trated sulphuric acid and certain salts. 

By Acids : Thenard's Process of Charnny the Mncilaye without 
Charrimj the Oil. — By using a quantity of not too strong sulphuric 
acid (1 to 1^ per cent, of 168*' Tw'. ; specific gravity 1'84), the acid 
oxerts its action on the foreign matters contained in the oil in pre- 
ference to the oil itself — it acts at first by absorbing moisture ; it then 
attacks the foreign matters and transforms them into a carbonaceous 
mass, w^hich imparts to the oil a brown coloration, w’hich quickly 
deposit! as a flocculent precipitate. When the acid has*completely 
oharred these substances, water is turned on to dilute the acid, so as 
to prevent it acting on the oil. After being energetically agitated 
with injection of air, and repeated washing with water heated by an 
open steam pipe, the oil is conveyed into large tanks and left to 
* settle. It only remains to separate the purified oil by decantation. 
According to Hartley, however, oil treated in this manner is itself 
frequently charred, or retains some impurity which, dissolving m 
the oil, imparts thereto a brown coloration, which is not removed*by 
the subsequent bleaching process to which the natural colouring 
(53) 
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Lezithin is also a tri-glyceride, in which the fatty acids are parti- 
ally replaced by other acids. It yields on saponification, fatty ,^cids, 
glycerine phosphate, C.^Hr,( 0 H) 3 (P 04 H 2 ), and cholin, 
C2H,(0H).|N(CH3),0H. 

Schulze and Stiggtr found 0-8 ])er cent, lezithin in linseed, and it 
ajjpears that a considerable proportioiKpasses into the oil during oil- 
crushing. 11. .laecke found in the latter 0-33 per cent, more than in 
any othtn- vegetable oil. He believes it to be combined, in the seed, 
with an albuminous body, which substance, during oil-crushing, is 
partially decomjiosed. He estimates its amount readily from the 
P. content of ash. K. Schulze has showm how it is extracted from 
the oil and isolated therefrom. 

-Colour Test for Ckolesterin.— \i cholesterin be moistened by 
hydrochloric acid or suljihuric acid containing Fe^Cl,, it hecomes of a 
magnificent violet colour. A mixture of two or three volumes of con- 
centrated hydrochloric or sulphuric acid and one of a dilute 'solution 
of the perchloride will do foi- the test, or even the commercial hydro- 
chloric acid. A small paiticle of cholesterin should be rubbed Iiy a 
glass rod with a drop of the reagent and the mixture then gently 
warmed. It first becomes of a reddish colour which as the tempera- 
ture rises changes to a !)lue-violet colour ; strong heat destroys the 
colour. When sulphuric acid is used the mixture must bo warmed 
more cautiously. Jt first hecomes carmine-red, then violet, and at a 
high temperature is carbonised. Nitric acid and phosphoric acid with 
the perchloride will not give the I'eaction. 

Liehermaim' s Cholesterol Heaclion. — O'OOl to 0'003 gramme sub- 
stance are dissolved in 10 drops of acetic anhydride, and 1 to 2 drops 
of concentrated sulphuric acid added m the cold. The colour depends 
on the quantity of substance and the temperature. 

Phytosterin as greasy plates — red, violet, blue, green. 

Jsocholesterin — red, yellow. 

liter . — Raw linseed oil maybe perfectly clear and yet contain 
up to 0*3 per cent. -American and Russian oil are richer in water 
than Indian. On heating oil containing water the water is removed 
as steam bubbles about 120' to 130" C., which point many still call 
the “boiling-point” of linseed oil. Linseed oil may be freed from 
contained ^water by filtration through fuller's earth (see p. 40). In 
America the etiect of hot pressing on the oil is regarded as negligible, 
as is also the amount of moisture present in or added to the seeds to 
facilitate pressing and to form coherent cakes. In many seasons no 
moisture whatever is added to the oil. 

The ash content of linseed oil is usually very small. Mulder 
found 0'03 per cent. Mucilaginous linseed oil contains more ash 
than mucilage-free oil. Thompson found in American raw oils up to 
0:20 per cent, ash, chiefly MgO, CaO, PjjO^v refined oil only 
traces. The American Committee on Testing Materials give the ash 
content from 0*02 up to 0*16 per cent. 
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be superfluous to dwell longer upon these different processes. This 
short tsnumeration will he sufficient. The purified oil is then stored 
in large reservoirs. ^ 

Cogans Method of liefining Linseed Oil — Cogan’s process, al- 
though similar to Thenard’s in the first part of it, differs therefrom in 
the latter part by the judiciou| introduction of steam, by aid of which 
the oil is almost entirely freed from acid and the black mucilaginous 
dregs subside in the course of twelve hours, leaving the upper por- 
tion of the oil quite cleai* and greatly improved in colour, and in those 
(jualities for which it is esteemed hy the painter. C'ogan operated on 
100 gallons at a time, using for that amount 3 quarts or 10 lb. of 
concentrated sulphuric acid. These 3 quarts of acid he diluted 
with an equal bulk of water, that is, with 3 quarts. The oil being 
run into a copper pan of the shape of a boiler, 2 quarts of the dilute 
acid are to be added ; the whole is then to be stin-ed up very carefully 
for an hpur or moi’e with a wooden scoop till the acid is completely 
incorporated with the oil and the colour of the latter has become 
much deeper than at first. A y^econd similar quantity of acid is to 
be added and mixed with the oil in the same way as the first was, and 
then the remaining part of the acid is to be added. The stirring of 
the oil is continued altogether, at the end of which the colour of the 
mixture will be nearly that of tar. It is then to be allowed to stand 
quiet for a night and in the morning is to be ti-arisferred to th(5 boiler. 
This is of copper, and has a steam pipe entering it at the bottom 
and then dividing into three or four branches, each of which termin- 
ates in a perforated plate. The steam thus thrown in passes in a 
very finely divided state into the oil, penetrates into every part of it, 
and heats it to the temperature of boiling water. The steaming pro- 
cess is to be continued for 6 or 7 hours, at the end of which 
time it is to be transferred to a cooler of the form of an inverted cone, 
terminating in a short pipe commanded hy a stop-cock and also hav- 
ing a stop-cock inserted in its side a few inches from the bottom. 
After remaining a night in the cooler, the oil is fit to be withdrawn. 
For this purpose the cock at the bottom is opened and the hlack 
watery acid liquor flows out. As soon as the oil l)egin8 to come the 
c(5ck is closed and that in the side of the cooler is opened. From 
this the oil runs qflite clear and limpid, the whole of that whi^ is 
still turbid remaining below the upper cock. The purifidd oil being 
drawn off, that which is still turbid remains below the upper cock. 
The purified oil being drawm off, that which is turbid is let out into a 
reservoir, where it either remains to clarify by subsidence or is mixed 
with the next portion of raw oil ; 1 per cent, of linoleate of mangan- 
ese, dissolved in rectified coal tar naphtha, can now be added to the 
oil and the mixture of oil and liquid drier will form a clear solutiqp 
with the oil. Lead driers— lead rosinate, lead linoleate, etc.-— should 
never be added to oil intended to be used as a vehicle and hind^g 
agent for zinc oxide and white zinc paints generally, more espeoially 
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with paints containing zinc sulphide, as it turns the paint grey from 
the formation of black lead sulphide. Again, all the virtue oft using 
a : 5 inc white pjgment and the care taken in refining^ the oil is to a 
large extent lost if a ])luml)iferous zinc oxide he used. 

JHeachiufj of Linseed 0//.— For high-class varnishes and high- 
class -paints and enamels it is necessary^to use a very pale oil. Even 
with an oil which only shows a veiT faint ytjlow tint the quality of 
the varnish into which it enters will he doteiiorated. It is therefore 
necessary to hleach the oil. 

The Xafiire of the Colourlmj Principles of Oil.— The colouring 
princi))les of oils are derived from powerful coloui'ing matters existing 
in th() fruits and seeds from whenci; they have been extracted. They 
are idcmtical with the colouring matku* jiresent in the leaves of plants. 
They may he resolved into four princijial substances of veiy similar 
chemical composition • Xanthophyll and chloiophyll, both yellow, 
another, hut blue, chloiojihyll, and finally erythrophyll, 0 / a red 
colour. These substances ai’e not necessarily found in all oils, but 
nevertheless they are always jirosent in linseed oil, and the variations 
in their relative proportions are the cause of the different colours 
which different samples of crude raw unrefined linseed oil exhibit. 
If erythrophyll and a mixture of the two chlorophylls predominate 
we get a brown oil ; if a greater proportion of chlorophyll be present 
the oil will have a greenish-brown tint ; finally, if xanthophyll pre- 
dominates a pale yellow oil is the result. These substances are de- 
colorised by sunlight, especially in contact with air; oxidation also 
destroys them ; they are also easily decolorised by dilute acids. 
Alkalies and certain metallic salts first precipitate the chlorophyll, 
then in the long run, if added in excess, the other two substances 
are likewise precipitated ; finally, they are rapidly decolorised by 
chlorine and hypochlorites. 

Five processes of bleaching oils are in use based upon the pre- 
ceding remarks : (1) By sunlight alone, or by sunlight and air acting 
together; (2) by oxidising agents; (3) by acids; (4) by alkalies or 
metallic salts ; (5) by chlorine. 

1. Action of Light in Bleaching of Linseed Oil. — Be it well under- 
stood at the outset that the action of light as an accelerator of the 
dryhig of linseed oil is not dealt with in this paragraph. In de- 
colorising 'oil the best result is obtained by the prolonged fiction of 
sunlight, and a superior article is said to be obtained to that yielded 
by the use of chemical reagents. This may be true of many chemi- 
cals, but not of oil refined by sulphuric acid. When linseed oil is 
exposed in a very thin layer to the direct action of sunlight, it 
bleaches in two hours. Working Avith large quantities the process 
ip of course of longer duration, but by using large flasks of colourless 
glass, says Livache, and exposing the oil in these to direct sunlight, 
b^baching proceeds very rapidly, and so that the oxygen of the air 
may^aid in»the operation the mouths of the flasks are simply plugged 
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’with cotton wool. When it is desired to treat larger quantities the 
oil is placed in flat lead-lined or zinc-lined boxes about 40 inches long 
by 20 inches w^de and 6 to 10 inches deep, covered witji a glass plate, 
.and slightly inclined by raising one of the sides of the box about 
4 inch or so ; or the glass plate is made to overlap the sides of the 
box, so that no rain-water gaigs access to the contents of the boxe%, 
which are generally pli^JPd in the open air. Finally, two tubes lead 
into the box from the two op])Osite sides, so that the air on the sur- 
face of the oil is being constantly renewed. Linseed oil, it is said, 
can thus be bleached to a bright colourless oil in less than a fortnight. 

2. By Oxidisiny Ayenis: {a) Peroxide of liydroyeii, which is now 
easily obtainable in commerce, has also been recommended. The oil 
is shaken with 5 to 10 per cent, of peroxide of hydrogen of 10 per 
cent, strength. This process would a})j»ear to be only adaptable to 
small quantities. Exjiense would debar its use on the large scale, 
and, as q. matter of fact, quite irrespective of exjiense, both peroxides 
of hydrogen and sodium have no practical value as oil-bleaching 
agents, however energetic thej ought to be theoretically in this re- 
spect, and it is only a waste of time, money, and patience to attempt 
to bleach oil in this way. 

(b) Ozone . — Attempts have been made to use ozone. It is made 
by causing a current of air to pass through a series of ordinary 
ozonising tubes, where it becomes richer and richer in ozone, being 
finally led to a receiver containing the oil to be oxidised. The oil is 
heated by a steam coil to about 40^^ to oO" C., and the ozonised air is 
admitted to the bottom of the vessel, and is made to pass through 
the whole of the oil by means of a tube pierced with very small holes. 
Schrader and Durncko found that ozone only acts upon the oil for a 
comparatively short time — it in fact stops very quickly. But if the 
oil thus treated be placed in white glass flasks in flat boxes, in con- 
tact with air and preferably in the sun, the action continues ol its 
own accord, bleaching and thickening the oil in a very short time, 
and causing it to dry much more rapidly. 

(c) By Permanyanate or Bichromate of Potash.— The perman- 
ganate, or, better still, the bichromate of potash, in conjunction with 
sulphuric acid, have long been used as bleaching agents. The pro- 
cess is conducted ifi lead-lined w'ooden tanks. For every 100 Ij}. of 
oil about 4 lb. of bichromate of potash is mixed wuth T lb. of sul- 
phuric acid, previously diluted with ^ gallon of w^ater. This mixture 
is run into the oil in a thin stream, with constant stirring, kept up 
for an hour, the oil, if need be, being heated all the time by a steam, 
coil. The liquids are allowed to separate, the lower layer drawn off, 
and the oil repeatedly washed with hot w'ater. This process is 
tedious, owing to the difficulty of eliminating even by acid the gree^ 
hydrated oxide of chromium which dissolves in the oil. The same 
remark applies to bleaching with manganese compounds, where *a 
similar hitch occurs. There is a great loss of oil in both •processes, 
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altogether incompatible with the extent, if any, to which the oil may 
be bleached. However, in both cases the oil may increase in drying 
properties owiijg to the action of the nascent oxygen ^veloped in the- 
processes in question. By Linokate of MamjaneM. — Blenkinsop 
and Hartley proposed to bleach linseed oil, or rather to produce a 
tj boiled " oil paler than “ raw ” oil,' by ^*xide of manganese introduced 
in the state of linoleate of manganese dissol^d in coal-tar naphtha. 
The process involves the use of heat. The oxygen used up in oxidis- 
ing the oil and bleaching the colouring matters is restored to the man- 
ganese by a current of air as fast as it is deprived of it. But this 
process was well known both in Britain and America long before the 
date of this patent. 

^3. By Ands : (a) By Nitric Acid, etc. — Lawson has suggested 
dilute nitric acid. The process should be most carefully watched, so- 
as to prevent any elevation of temperature. In England, according 
to Livache, use is made of a mixture of nitric acid and chlorate of 
potash in the proportion of 1 to 2 per cent, of the oil to he decolorised ; 
heat is applied, and the oil is then (repeatedly washed with watei‘. 
This process, he says, has been successfully em])loyed with cotton- 
seed oil, but as a matter of fact the caustic soda method foi‘ refining 
cotton-seed oil and the sulphuric acid method for refining linseed 
reign supreme in Britain, and this is in accordance wdth the fact that 
it is principally coloured mucilayinous impurities which have to be got 
rid of in refining linseed oil, w’hilst it is coloured rcsimiifi impurities, 
which are present in crude cotton-seed oil. 

Sulphuric Acid, see p. 53. 

4. By Alkalies and Metallic Salts: (a) By Caustic Soda. — Cer- 
tain oils, containing resinous colouring principles, particularly cotton- 
seed oil, may be completely decolorised by agitation with a small 
quantity of caustic potash or soda (1 per cent.). Combination with 
the colouring principles ensues, and as a result these are precipitated 
as cotton-seed oil foots, from wEich the purified oil may be easily run 
off through a syphon or otherwise. It is not applicable to linseed oil 
— at least to the same extent, {b) By Carbonate of Potash. — 5 lb. 
of the carbonate dissolved in 10 gallons of water are added to 100 lb. 
of oil, and the mixture stirred to thorough incorporation ; 24 gallons 
of a 2 per cent, solution of chloride of calcium are then added. The 
oil bleaches rapidly, and it is then decanted and treated with a 5 ])er 
cent, solution of sulphuric acid, and afterwards washed until perfectly 
neutral. But this W’ould be far too laborious and expensive a process 
for adoption on the large scale, and like others has nothing to recom- 
mend it over the sulphuric acid process, (c) By Ferrous Sulphate r 
Artists' Oil. — Amongst the salts proposed, ferrous sulphate (green 
#/itriol) is capable of giving good results, with small quantities of oil. 
Process.— One part of green vitriol is dissolved in parts of w^ater, 
^d this mixture is added to double its volume of linseed oil contained 
in a glass "flask. The whole is then exposed to sunlight, and shaken 
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at least once a day. The oil is generally bleached in from three to 
six wetks, according to the amount of sunshine. '^Vhen the oil is de- 
canted the greey vitriol solution can be used over agaiij for treating a 
fresh quantity of oil. This process is much in vogue with artists’ 
colourmen (the bleached oil being sold as artist & oil), but is too 
tedious, laborious and costly f(y adoption on the large scale, (d)- Byt 
Basic Acetate of Lead.^~\ solution of basic acetate of lead when 
agitated with oil eliminates its colouring principles very effectually, 
(fi) By Lead Sulphate. — This process also gives good results. It is 
mixed with oil to the consistency of cream, and exposed, with fre- 
quent agitation. After a timb the oil is bleached. Two laye*rs are 
found at the bottom of the flask, one consisting of lead sulphate, the 
other of colouring matter. The lead sulphate may be used over 



Fig. 37. — Apparatus for bleaching linseed oil by a current of air which has been 
passed over chloride of lime. 

again. The rationale of the process is obscure. It may be looked 
upon as similar to the clarification of beer by isinglass. (/) By Com- 
plex Mixtures. — More or less complex mixtures of different metallic 
salts are also used. The following give good results : To 10 gallons 
of linseed oil are added 1^ gallons of water, containing \ lb. of bk^ck 
oxide of manganese, ^ lb. of bichromate, \ lb. of carbonate of soda, and 
^ lb. of common salt. The boiling solution is added to the oil ; it is 
left to clarify, and the colourless oil decanted. 

6. By Chlorine. — Substances from which chlorine can be gene- 
rated without the aid of heat are added to the oil. For instance, 
5 lb. of concentrated hydrochloric acid, 33 per cent., diluted with four 
times its weight of water, are added to 10 gallons of oil. The whol^ 
is well stirred, whilst a solution of 1 lb. of bichromate in 1 gallon of 
water is added. A mixture of red lead and hydrochloric acid may 
also be used. To 10 gallons of oil i lb. of red lead beateff up with 
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lb. of oil is added, and the whole well stirred, whilst ^ lb. of hydro- 
chloric acid is added. During the next five days an additional ^ lb. 
of hydrochlorjp acid is added daily, the w^hole being well stirred 
several times during the 24 hours. The decantecf oil is run into 
large bottles, or jJaced in boxes lined with lead, and exposed to sun- 
light until the oil is })erfectly colourlesgi. 

The most I’apid method of bleaching oils, it has been asserted, is 
by means of chemical reagents, especially chlorine, but it must not 
be forgotten that it is difficult to free the oil from all trace of these 
reagents, which in the end may exert a vexatious and injurious in- 
fluence upon the final products manufactured from an oil bleached 
in this way. As a mattfu- of fact, chlorine does not bleach linseed 
oil, it darkens it ; and the chlorine test for fish oil is, in virtue of this 
darkening, a delusion and a snare. (Certain bleaching agents, like 
chlorine and nitrous acid, are apt to form substitution compounds 
which alter altogether the nature of the oil, and not for the better. 
Had one space at his disposal, and a sufficient supply of refined oil 
to meet his wants in the meantime, ^says Livacbe, the bleaching of 
oil by means of sunlight in flat boxes covered with glass plates can- 
not be too highly recommended. The slowness of the process would, 
he says, be largely compensated by the beauty and quality of the 
products manufactured from such an oil. 

However that may be, an equally good product can be obtained 
by bleaching with sulphuric acid in fewer hours than it takes weeks 
by sunlight. In fact, bleaching by sunlight could only be recom- 
mended by those who have never seen linseed oil efficiently refined 
by sulphuric acid, which is the most effectual, the most expeditious 
and the most economical process, requiring no costly plant, no costly 
chemicals, only about I lb. of oil of vitriol per 10 gallons of oil. A 
steam pipe heated by exhaust steam mixes the acid and oil together, 
and does all the agitation necessary for washing the acid out of the 
oil, all the operations being done in the one tank if need be. No 
process could be cheai)er, no process could be more simple, but it 
requires care and experience, as it is quite easy for ultra-cocksure 
graduates in chemistiy with the highest honours, to their own sorrow 
and the disgust of their employers, to irretreivably spoil 5 to 10 tons 
of ,oil which being permanently darkened can then only be used for 
verj’ low Ijrade boiled oil. , 

Mulder previously filtered the oil through animal charcoal. Some 
expose the oil to sunlight in contact wdth animal charcoal for a week 
and do not filter the oil untibthen. But neither glass flasks nor even 
lead-lined boxes, nor, in fact, sun-bleaching, whether aided by animal 
charcoal, etc., or not, in any way coincide with the practical notions 
the present day. Sun-bleaching of oils is only to be found in 
books, and is so long obsolete that any who attempted it on the large 
^ale would nowadays be legitimately regarded as crazy. Un- 
doubtedly, oil can be bleached almost w’ater-white by the sun when 
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either sunlight or daylight can get at it in everj^ direction, but the 
intere^ on capital more than swallows up the profit, and the market 
for such an article is necessarily confined to artists, who often pre- 
pare their own 61is. * 

Chevrenl's Method of Blcachhuf Linseed Oil. — The following ex- 
periment by Chevreul is of great interest. Acting on the principle 
that linseed oil dries in cdhsequence of atmospheric oxidation, 
Chevreul tried to find whether previous exposure to air conferred 
greater drying properties on linseed oil. lie submitted linseed oil 
alone or mixed with turps to the action of air and light for 60 
days. By comparison with vntreated linseed oil he found that the 
drying capacity under these conditions was very great, as great in 
fact as manganese boiled oil, with the additional benctit that the oil 
was bleached ; and as far back as 1851 he recommended the use* of 
oil exposed to light for pale colours, and especially white zinc, which 
• then gives its maximum of whiteness. 

Eefining Linseed Oil hi/ Eednehuj Agents, Gaseous or in Solution 
— Eefining hy Hydrosulphites.— A ])rocess for refining linseed oil by 
hydrosulphites has been patented by A. Metz and Philip L. Clarkson. 
200 gallons of raw oil are mixed with 600 gallons of cold water con- 
taining 200 lb. of hydrosulphite. The whole is agitsted for 32 hours 
in a closed vessel, the oily layer is separated by decantation and the 
oil in the emulsion is recovered by petroleum ether. 

Eefining Linseed Oil by J/ime. — Lime has been used to purify 
linseed oil, but Niegemann criticises its use foi‘ linseed oil owing to 
its forming soluble linoleates which darken the oil when heated. He 
prefers fuller’s earth. 

Bleaching Linseed Oil hy Fullers ii/ar///.— Fuller’s earth was, at 
one time, a purely English product, a sort of clay mined in different 
counties in the South of England. Within the last two decades it 
has been found in America, more especially Florida, and marketed 
under the high-sounding title of “ Aluminium magnesium hydrosili- 
cate’’. The Germans call it ^‘Florida erde,” but in Great Britain it 
still retains its name of fuller’s earth, a name given to it centuries 
ago by the fullers of cloth owing to the facility with which it removes 
grease from fabrics. In bleaching linseed oil by fuller s earth, the 
process consists in* agitating the oil with the required amount of 
fuller’s earth, and then filtering the mixture. The agitation ma^ be 
effected 'either by air or by a vertical shaft, fitted with horizontal 
arms or blades, or vice versa, a horizontal shaft fitted w’ith vertical 
blades. To eliminate the colouring principle completely, it is neces- 
sary to secure the most intimate mixture of the oil and the fuller s 
earth. The linseed oil is run into the bleaching pan and fuller’s 
earth added. The proportion of fuller s earth to oil varies greatly 
with the nature of the oil, its origin, and its depth of colour, and with 
the bleaching qualities of the oil, and to a very great extent, indeed, 
with the experience and skill of the bleacher. After the agitator htts 
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been put in motion, and a weighed quantity of fuller’s earth added, 
samples of the oil at different stages of bleaching are take^ from 
time to time and filtered into an 8 oz. bottle. More fuller’s earth is 
added, until the oil has become sufficiently pale, whe\i the mixture of 
•oil and fuller’s earth is filtered ; the first runnings from the filter 
press return to the bleaching pan, until the oil comes away pale 
and clear. The proportion of fuller’s 4irth runs from 2 to 5 per cent, 
of the weight of the oil. In the case of edible oils, as little fuller’s 
•earth as will 'b^ sufficient to bleach the oil should be used, as con- 
tact of the oil with the earth spoils the flavour, but this flavour may 
be neutralised by adding 1 to 2 per cent of soda-ash before filtration. 

Filter Prenn Cake. — The residual cake left in the filter press con- 
sists of fuller’s earth plus organic matter (mucilage, etc.), together 
wi^h more or less oil, left in the cake. By steaming out the press 
the amount of this residual oil may be lowered to a minimum 
•quantity. The oil, thus separated by steam, is disposed of according ' 
to its quality and amount. The residual oil still left in the sludge- 
■cake, after steaming, if it eventually becomes considerable is not re- 
•covered as the expense would be tdo great. The press sludge is 
worthless. 

BleacMng of Linseed Oil and of Drying Oils with Fuller's Earth — 
liemoval of Mucilage. — Crude raw linseed oil is passed through a 
thick layer of fuller’s earth or the earth mixed with the oil and passed 
through a filter press. It does not seem quite certain that all mucilage 
is removed from the oil by this treatment. 

Elimination of Water.— V^B,ter is removed from linseed oil by 
treatment with fuller’s earth in the cold. Weger collected the mucil- 
age from a large quantity of oil, and tried to free the oil-charged 
mucilage from oil, by drying it on porous earthenware plates, but the 
attempt was not quite a success ; it formed a yellow, gelatinous, trans- 
parent mass, which still dried very well on glass plates, in 3^ to 4^ 
days, with an oxygen absorption of 12*8 to 14. The removal of 
mucilage Weger contends is not so irapoiiiant, but linseed oil is seldom 
used for varnish-making without being trea.ted with sulphuric acid or 
fuller’s earth or calcined magnesia. 

Behaviour of Bleached Crude Baiv Oil on Oxidation. — Mei^er 
found that the oxygen absorption of a linseed oil rose from 19’5 per 
cent, for tke untreated raw oil, to 20*7 for the oil bleached with fuller’s 
earth. 

Treating Wood Oil by Fuller s Earth. — A good stand oil, from 
wood oil, is obtained by heating the wood oil from 3 to 4 hours and 
bleaching the oil obtained with 5 to 10 per cent, of fuller’s earth. 

Removing the Green Coloration of Hemp-seed Oil by Fuller's 
Earth — Bleaching Perilla Oil Water-white. — The green colour of 
&emp-Beed oil is removed by fuller’s earth, and Perilla oil is bleached 
water-white. 

‘ Fuller\s Earth, its Value for Oil Bleaching Purposes.— Neither 
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the organoleptic properties of fuller’s earth, nor its chemical analysis, 
fix its value for oil bleaching. A pmctical test can alone do so. 
When^diy, fuller’s earth sticks to the tongue, but other clays 
do so too. Uniike clay, it is not plastic; its combirted water con- 
tent is high. Its alumina content seldom exceeds 15 per cent. Its 
•colour varies, naturally, from brown and gi'ey to da'rk blue. Its dis- 
tinguishing properties are fine ^rain, non-plasticity, and when broken* 
up and thrown into watef it forms a more or less flocculent mass. Its 
value depends on its alisorbing and decolorising power. The mineral, 
after quarrying, is spread in thin layers on drying floors, or it is 
heated by fires in cylindrical jlriers. It is well ground before going 
through the driers. In drying it becomes white, and parts with up- 
wards of 60 pel' cent, of moisture. When dry it is sifted into 
various degrees of fineness (100 to J20 mesh) ai»d then bagged up <or 
despatch. 

TesHnif Fuller's Earfh.—VulWr'H earth is employed in America 
for clarifying and bleaching edible oils, and, as the earth from different 
localities varies very considerably in its efficiency, a ready method of 
testing its value is of great importance. T. G. Richert in “ The Journal 
of Industrial and Engineering Chemistry ” describes a series of tests 
which were applied for this purpose to four varieties of fuller’s earth. 
(1) Locality unknown ; (2) American; (3) English; (4) German. A 
good fuller’s earth should remove all suspended matter, as much 
colouring matter as possible, and absorb a minimum of oil, at the 
same time the earthy taste which is imparted to the oil should be 
easily removable by deodorisation. The tests chosen were those of 
•decolorisation and the amount of oil absorbed, the price of the earth 
being also taken into account. It is to be observed, however, that 
absolute values for the results of the tests cannot be fixed, the earths 
must be compared one with another with the same sample of oil, and 
the conditions of the experiments must be identical. In the bleach- 
ing tests eight experiments in each case were tried, with quantities 
•of fuller’s earth varying from I to 8 per cent,, the colours of the 
bleached oil being determined by means of the tintometer. The 
German sample gave the best result with 3 per cent, of fuller’s earth, 
an equally good result being obtained with 4 per cent, of the English 
sample. The amount of oil absorbed by a given weight of the earth 
was determined, and from this it was possible to calculate the pre- 
sumptive* loss, which amounted to (I) 8*3; (2) 40*8; (3) 8*0; and 
(4) 19*0 per cent. The cost of bleaching 100 lb. of the raw oil can 
therefore be shown by an equation, which the author gives in a 
simplified form as : — 

x(IOOP-hAO) , 

V=^-T60 

A being the presumptive loss, P and 0 the price in dollars for lOP 
lb. of earth and oil respectively, and X the percentage of earth 
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required. It is satisfactory to note that the cost of bleaching with 
the English earth was the lowest, that is, 4-01 cents, the German being 
6'24 cents, and the American 15-50 cents. 

( r 



J The steam-jacketed pans in use at the present day for refining- 
lineeed oii by aid of fuller’s earth consist of cylindrical steel vessels 


Fra. 38 — Filter press. 
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with contracted neck at the top. The bottoms are made double so as 
to propde a steam jacket for heating, and the pan is also fitted with 
patent Vortex disc agitating gear which effects a very powerful rapid 
and intimate commingling of the fuller’s earth with the oil. The 
pan is filled to the lowei- part of the neck with the oil to be treated 
previously heated to a tem])eratui-e of 150’ to ISO" F. The right, 
temperature is important. The Vortex mixer is kejit in motion whilst 
the temperature of the oil is being adjusted, and as soon as it arrives 
at 150° F. the fuller’s earth is added, great care being taken that the 
light proportion is used. It should be ground to a very fine powder 
and be perfectly dry and fr(*e from moisture — a most important 
point. Three to five poi* cent, is the amount generally used, but the 



Fig. 3y,— Steam pump for working m comiection with hydraulic filters. 


quantity depends on the depth of colour of the oil, i.e. on the amount 
of colour to be removed. This the oil refiner can test by experiment 
by heating a small qiiantity and filtering it through filter paper irpa 
tinned heated copper funnel before starting. As the oil deteriorates 
in taste ahS flavour by too prolonged contact with the fuller’s earth it 
IS very important to remove the latter as soon as possible. Hence to 
keep up a constant supply of oil to keep the filter at work it is better 
to work the pans on the twin system ; whilst one pan is feeding the 
oil filters the other is being prepared and treated with fuller’s earth. 
When the right proportion of fuller’s earth is thoroughly commingled 
with the oil, the whole of the contents of the bleaching and mixing 
pan are pumped by a steam engine into the filter press. Pans of too 
great capacity are objectionable as the fuller's earth remains ioo loijg* 
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in mixture with the oil and imparts an earthy taste by the time the 
filter is filled with cake. The filter is so proportioned to the work to 
be done as to have a cake formed that will not be quite hollow. 
Steam is admitted into the centre feed channel of *the press and 
finds its way into each of the hollow cakes. All the cocks aie shut 
ofi except the six farthest away from the head. The steam passes^ 
through the centre of the prAs and first steams out the six cakes 
next the follower. Wh^n the steam has blown through these cakes 
so as to free them thoroughly from oil, the outlet cocks aj-e shut 
•off and the next six opened, and so on until all are steamed. When 
the press is opened to remove ^he fuller s earth it falls out in j)Owder 
on the floor, little or no oil being left in it. Hence the steam should 
he dry steam ; when viscid oils are being filtered such as linseed oil 
or castor oil, the filtration room should ht‘ warmed so that the whble 
mass of metal in the filter may he heated to the tenqierature at which 
* it works best. With linseed oil this should not be below fl()‘ F. 
With caslor oil it should be still higher. Filters are also made with 
each of the plates steam -jacketed so that the contents of the oil filter 
may be maintained at any temjieratui'e required. These are used for 
treating solid fats, wax, paraflin, and \aHeline. 

A fuller’s earth refining plant comprises one patent steam- 
jacketed Vortex mixing pan with self-contained engine, centrifugal 
mixing vane, trunk or circulating jiijie, scroll deflecting jilates, jiijie 
work connecting engine exhaust to heating jacket, jirovided with 
thermometer, sampling cock, and charging hopper. One jiatent new 
model fuller’s earth refining filter press, pyramid type, having arrange- 
ments for steaming out the cakes, provided with outlet cocks on each 
of the chambers and outlet shoot. Fitted with steam pump mounted 
on the head of the machine. The })ipe work valves and fittings 
between mixing pan and feed pump on head of filter. One set of 
hydraulic chain and one set of chain filter cloths. 

defining Linseed Oil by Wood Charcoal, — Weger removed mucil- 
age from linseed oil by treating the oil with wood charcoal. 

Methods of Storing Haw Lmseed Oil. — Galvanised iron reservoirs 
are to be preferred for storing linseed oil. Their base should be very 
wide in proportion to their height ; they are generally covered by a 
badly-fitting lid, so ^hat the air may be constantly renewed on jjjie 
surface of the oil, but it is preferable to use a tight-fitting li(> so as to 
exclude dust. In this case a current of air is set up by tw^o tubes 
placed on opposite sides of the reservoir, thus starting oxidation, and 
thereby increasing the drying properties of the oil. It is also of 
importance to maintain the oil at a constant temperature, about 15” 
to 20” C. 

Boav Linseed Oil Foots. — It is advisable to draw off the “ foots ” ^ 
two or three times a year. It is an undeniable fact that oil kept for 
a certain time gives a better coating on drjdng, to that yielded by an 
oil fresh from the press. Speaking generally, linseed oil should not* 
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be used until after it has been “ aged ” for a year or two. Such oil 
is known as old tanked oil, and gives better results in varnish-piaking 
than can be obtained by any mere rapid process of bleaching freshly 
pressed mucilaginous raw oil. * 

When a varnish-maker buys clear and bl ight “ old tanked ” pure 
^raw.linseed oil, which, owing to prolonged storage, neither “breaks’" 
nor “ spawns ” on heating, and so buys according to sample, which 
responds to the test for old tanked pure raw linseed oil, he is entitled 
to claim that the bulk delivered shall correspond with such sample in 
every way. For “breaking” or “spawning” is characteristic of 
recently crushed raw linseed oil, abounding in dissolved mucilage. 



CHAPTER V. 


CHEMICAL KEACTIONS OF LINSEED OIL. 

f 

The Spectroscopic Examination of Linseed Oil. — Muller found 
that raany oils show chloro].)hyll absoi-ption hands when examined 
under the spectroscope. Animal oils do not do so. These absorption 
bands can therefore be utilised to detect a vegetable oil in an animal 
* oil when the vegetable oil gives the spectrum of chlorophyll which, 
us Muller points out, occurs with linseed oil and also with olive oil. 
There are, in fact, three absorption bands; one very deep in the red, 
a feeble one in the orange, and a stronger one in the green. Sesame 
oil shows only a feeble band in the red, and castor oil shows no band 
at all. Donmer classilies oils according to their behaviour under the 
spectroscope when observed under a thickness of 12 millimetres : — 

' Hemp-seed. 

Olive. 

Walnut (spectrum 
slightly visible but 
very decided blue and 
violet bands), 
j” Almond oil (sweet and 
I bitter). 

[ Castor oil. 

I Colza-seed. 

I Linseed. 

1 Mustard-seed. 

[ Rape-seed. 

( Earth-nut. 

Colza-seed. 

Cotton-seed. , 
Poppy-seed. 

Sesame. 

Action of Halogens on Linseed Oil : Action of Chlorine and 
Bromine on Linseed Oil. — Lefort passed chlorine and bromine 
vapour into flasks containing layers of water and linseed oil, and 
found hydrochloric and hydrobromic in the state of solid compounds.^ 
Mulder led chlorine gas into water-free, but unheated, linseed oil 
and found that much hydrochloric acid remained in combination. 
The linseed oil was at first dark coloured (the dark coloration ^s! 


Oils exhibiting the spectrum of chlorophyll 


Oils exhibiting no spectrum . 

Oils absorbing all chemical radiations, the 
spectrum, instead of extending to the 
blue, the indigo, and the violet, stops 
short suddenly at full green 

Oifs exhibiting thre§ bands in the chemical 
part, absence of green, orange, red bands 
characllferistic of chlorophyll 
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given by chlorine with fish oil is valueless), then it became pale 
and at the same time solid. This solid body is scarcely 8 oF.lble in 
water, readily ^soluble in ether and in potash lye. JIulder believed 
that a portion of the glycerine was split off by the chlorine. But the 
first action of chlorine on oils is to form addition compounds, and in 
•the second place substitution compounds. Moreover, in the addition 
process, as it usually takes place, it stops short before the end of the 
reaction, although under suitable circumstances all the double bonds 
are satisfied by iodine chloride, and on that fact is based the well- 
known method of determining the iodine number. 

Chlorine is used as a test for the* presence of fish oil in linseed 
oil ; this is supposed to darken in the presence of fish oil, but pure 
lin.secd oil darkens too, so the test is indecisive if not unreliable (see 
under fish oil as an adulterant of linseed oil, p. 174). 

A(‘ti<m of Sulphurous Acid on Linseed OIL — By treating linseed , 
oil with sulphurous acid, Bacc caused the separation of white flakes, 
which he described as gyjisum (!) Mulder investigated the point by 
first treating linseed oil with sulphurous acid and then burning it. 
He found about 0‘03 per cent, of ash and contradicted Sacc’s assertion 
that linseed oil usually contains a large amount of lime. Moreover, 
Mulder, by treating linseed oil with sulphurous acid, obtained a 
white precipitate, insoluble in water, soluble in alcohol and ether. 
Further, Mulder found sulphurous acid to exert a reducing action on 
linseed oil which then appears to contain much sulphuric acid. 

Action of Ammonia on Linseed Oil. — Rowney treated drying and 
non-drying oils with alcoholic ammonia with frequent shaking for a 
long time. With linseed oil he obtained a highly coloured resinous 
substance, and a little of a white solid crystalline body. With olive 
oil the behaviour was different. Rowney and Mulder described the 
white body as an amide, behaving like a soap. The led resinous 
substance Mulder identified as red linoxic acid. It has since been 
found that the linoleic acid of linseed oil contains higher unsaturated 
fatty acids than oleic. 

Heat of Comhuslion of Linseed Oil. — The heat of combustion 
increases, generally, with the molecular weight and differs in that 
respect but little as regards fats and oils. Sherman and Snell fofind 
tha heat of combustion of fresh linseed oil at cohstant volume to be 
9364, at constant pressure, 9379 calories. It lowers on oxidation. 

Action of Sulphuric Acid on Linseed Oil. — Chevreul pointed out 
that oils and fats when treated with concentrated sulphuric acid 
liberated glycerine. Sacc treated linseed oil with concentrated 
H 2 SO 4 . Sulphurous and formic acids were disengaged. The linseed 
oil was coloured purple red, then violet, then black. The product 
iwashed with water was amorphous and appeared in the form of long^ - 
strings. It was soluble in alcohol ; with alkalies it gave a yellow 
resinous soap. Mulder did not use H^SO^ in excess, it gave oflf no- 
gas, and the reaction product in water eventually became colourless^ 
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It was more readily saponifiable than linseed oil itself. Mulder 
believtd that there was only free oleic acid and no free linoleio acid 
which was held fast locked up by the glycerine.^ An accurate 
examination of the reaction between linseed oil and sulphuric acid has 
not yet been made, but the heat of the reaction forms a valuable tsst, 
being far greater with linseed ^oil than with any other oil. MaurpeniJ 
was the first to utilise the different temperatures to differentiate 
between different oils, and Jean produced his thermaoolemater for 
use in applying the test. Lately Tortelli has brought out an im- 
proved apparatus. The test is readily applied, but its application 
requires care. The Maumern^ number or thermo number of linseed 
oil varies between 90° C. and 145’ C. Moreover, the Maumen6 
number gives parallel results with the iodine absorption results. 

Action of Ntiroiiff Acid on. Jjiii'iccd (hi. — In the year 1819 
Poutet treated oils \\ith nitrous atnd and claimed as the I'esult of the 
reaction ^to be able to differentiate between drying and non-drying 
oils, as the former remained fluid w hilst the latter solidified in a longer 
or shorter time. The basis of |this solidification is the conversion of 
the oleic acid of m.p. 14” ( 1 . (57‘2" Pj into its isomer elaidic acid. It is 
said by some to be unreliable, flut that statement comes from those 
who have never applied the test in actual jiractice in the buying 
and selling of olive oil. Lidoff treated linseed oil with nitrous acid 
HNOo and found it to remain fluid but completely changed. Its 
specific gravity rose from 0*932 to 0*971, and the oil after washing 
contained combined nitrogen. Possibh the nitrous acid fixed itself 
directly on the double bond. 

Action of Xitric Acid on Linmd Oil . — Linseed oil treated with 
nitric acid behaves differently to oleic acid (Bromeis). The product 
is a tacky, deep red mass containing pirnelic acid, suberic 

acid, oxalic acid, and an acid which Bromeis after- 

wards termed margaric acid. Sacc confirmed the above results. 
Mulder did not repeat the experiment. He termed the red product 
linoxic acid. However, he treated linseed oil, at the ordinary tempera- 
ture with a small quantity of strong nitric acid, but was unable to 
confirm Jonas' statement that the oil, so treated, dried more rapidly. 
According to Livache, thick boiled linseed oil, treated with dilute 
nitric acid, gives a iirown elastic substance, which no longer sticks to 
the fingers. A. Lidoff passed nitric-anhydride into an ethereal 
solution of linseed oil. He found simultaneous nitration and oxidation, 
and a thick yellow oil was formed, insoluble in water, and combustible 
without explosion, which absorbs no more iodine. In ethereal solu- 
tion it is reduced by stannous chloride, H,S, or aluminum amalgam 
to a product varying from syrupy to a solid mass, which is no longer 
soluble and which Lidoff regarded as lying between fat and albumen. 

Heat of Bromination of Linseed Oil . — Chloroform gives a slightly 
higher rise than carbon tetrachloride, as would be expected; this 
was found to be 1‘7° with the apparatus here described. • Aroh^uft 
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and Jenkins find that the presence of water, either in the bromine or 
the oil, is apparently of no influence. 

The results obtained vary with each calorimeter; hence, to make 
them comparable, they must, as in the Maumen6 test, be referred to 
some standard. Such a standard has been found in sublimed 
.canjphor, which can be prepared in sufficient purity; 7,^^ grammes 
are dissolved in carbon tetrachloride ajid brominated, giving 
an average rise of The rises in temperature obtained with 

the various oils were divided by this number, giving a specific 
temperature reaction ; if this be multiplied by a factor — found by 
dividing several of the iodine numbers«by this specific temperature — 
the iodine value of any sample may be quite closely determined ; this 
is shown in the following table, the factor being 17*18: — 

TABLE SHOWING THE RELATION OF THE BROMINATION AND 
IODINE VALUES. 


Name ol Oil. 

« r ... . '■ 

lodiiu'. 

- 

bpecitic Jeinperuture 
Reaction. 

Calculated. 

Found. 

Noatsfoot . 

8 -280 

50 5 

69-1 

Tallow 

:8*848 

57*4 

57-2 

Prime lard . 

3-715 

08-8 

03 8 

Sperm 

4 191 ! 

72'1 

78-2 

No. 1 lard . . . | 

4-()9(> 1 

70-3 

73-9 

Olive . , 

4*702 1 

81-8 

82 0 

Cotton- seed. 

5-007 i 

97-8 

108*0 

Corn . . . ' 

0-381 1 

109-5 

107-8 

Cod . . . . 1 

H-002 

137*4 

185-0 

Linseed 

9-049 

155-0 

100*0 

25° paraffin . { 

1-048 

' 28-2 

10*1 

300° laiiteni 

1-190 

20*5 

0-0 


In the case of the hydrocarbon oils the discrepancy may be due to 
the fact that there is substitution by the bromine and none with the 
iodine. 

Caialyiic Action of Metallic Magnesium on Linseed Oil in Pre- 
sence of Meusel ^ Co., D.R.P. 20J,906, heat linseed 

oil at thoi ordinai*y pressure, or in vacuo, for 3-J to 4 hours with 0*5 
to 1*0 per cent, of powdered magnesium with the formation under the 
action of hydrogen gas of a solid, readily moulded, fusible product. 
’ The thickening occurs without the formation of a magnesium soap. 

Action of Hydrogen Aided by Catalyst on Linseed Oil. — When 
hydrogen is passed into linseed oil at a high temperature no reaction 
ensues. Hydrogen atoms are fixed on the double bonds, but aided 
% a catalyst it succeeds much better. 

As Dr. Holde states, oleic acid, the most important constituent of 
rfll semi-ck^ying liquid oils, requires only 2 parts of hydrogen to 282 
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parts of oil in order to get stearic acid, while linoleic and linolenio 
fl,cid npquire 4 and 6 parts respectively, to 280 and 278 parts. 
Ricinolic acid, which contains 1 atom of oxygen more than oleic 
acid, forms an oxystearic acid which has a very high melting-point, 
but which also contains only 2 atoms more of hydrogen than the 
•original acid. . , 

Saul and Roth rubhed up I grammes linseed oil with 2 grammes 
gum-arabic, using colloidal palladium as catalyst. When the mass 
thickened it was heated to 50 to 70° C. and hydrogen passed through 
it. The first hydrogenisation left a white hard mass of m.p. 50 to 03° 
C. with the iodine number of *5*0. The product was white and pul- 
verisable, readily soluble in (IHCLj and ('Sj and melted at 01 to 05° C. 
Bedford did not reduce linseed oil itself, but operated with linoleic 
acid using finely divided Ni as catalyst. 

There are, besides ferments and enzymes, other agents used for 
the splitting of linseed oil. The first of those agents is water at a tem- 
perature of 200° or under a pressure of 15 atmospheres. Taking the 
fatty acids of linseed oil as R(^H, the action of saponification may 
be represented thus : — 

C3H,(0R), -b 3H.,0 = C^H.IOTI), -b 3ROII. 

It is disputed whether this reaction occurs in one stage, so as to yield 
free fatty acid and glycerine, or whether there are intermediate pro- 
ducts formed, viz. di- and monoglycerides thus 

(A) C3H.(0R), -b H.,0 = C,H,(OH)(OR).. ROII 

(B) (^,H,(OHj(OR)/+ H,0 = G.,H,(OH),(OR) -b ROH 

(C) C3H,(0H).,(0R) -b H,0 = C,H,(OH);, -b KOH. 

To test the point R. Banto completely saponified linseed oil with 
aqueous potash, but could not detect either di- or monoglycerides in 
the products of the reaction. Later on I. Kellner asserts that linseed 
oil is saponified in different stages, but on saponification with aqueous 
lyes the three phases of the reaction follow each other so quickly 
that it is impossible to follow them. 

Alcoholysis, — During saponification by aqueous alkali the reaction 
is Tmpeded by the fact that the fat is insoluble in water and therefore 
the act of saponification is prolonged. Saponification by^ alcoholic 
potash is*much more rapid. As the oil is to a certain extent soluble 
in alcohol the decomposition is so far facilitated that the glycerine 
ester is converted into an ethyl ester, and the first stage of the 
splitting up then becomes : — 

(A) C3H5(0R)3 + 3C.,H,OH = CaH.fOH)^ -b 3C,H,(OR) 

(B) CoH^OR -b H,0 = C,H,OH + ROH. 

The term alcoholysis is applied to the above reaction in con- 
tradistinction to “ hydrolysis ”. In the former case it foUows tJiflA 
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when the amount of alkali is not sufficient to convert all the fatty ^ 
acids into soap the whole of the glycerine is separated — * 

CgH^pR), +*KOH + 2C,H,OH - C,H,(OH), + R©K + 2CoH,OR.. 

When alcohol, therefore, is used as the solvent and the glycerine 
•dissolves as an ethyl ester, the change expressed by the above re- 
action takes place very rapidly in the cold — cold saponification. 
Henriques dissolved 50 grammes of linseed oil in 50 c.c. pet- 
roleum other, added 25'75 c.c. normal alcoholic potash (for complete 
saponification O'OiO grammes would have been necessary), agitated 
until completely mixed, and let stand *0 hours. The liquid gave no- 
further coloration with phenolphthaline, and the glycerine was 
separated quantitatively, the ethyl ester distilled above 300° C., and 
was thus separated from the non-volatile glycerine ester. Tt was 
found later on by A. Haller that for the separation of glycei iiie as , 
ethyl ester no alkali is required, and that the same reaction occurs 
more readily with alcoholic hydrochloric acid. By treating linseed 
oil with excess of rnethylic alcoholit hydrochloric acid for 0 hours, 
in a reflux condenser, the whole of the glyceride was converted into 
a methyl ester. During hydrolysis and alcoholysis both alkali and 
acid act catalytically. When linseed oil is saponified by soda lye, 
or by alcoholic soda, by dilution of the alcoholic solution of the soap 
in water, there is obtained, in the aqueous solution, (J) all the 
glycerine, (2) all the fatty acids of the linseed oil as soda soap, and 
(3) the excess of caustic soda. The soda soap may be separated out 
from this solution by “ salting out Ten per cent, of common salt 
is dissolved in water, by the aid of heat, and added to the solution, 
with constant stirring. Glycerine, caustic soda, and sodium chloride 
remain in solution. The soda soap separates out, almost quantita- 
tively, on the surface. It is filtei'ed off, and washed with a 10 per 
cent, solution of common salt. Hard soap is made by the salting- 
out process, but linseed oil is only used in making soft soap. By 
saponifying linseed oil by caustic potash and dissolving 10 per cent, 
of common salt in the aqueous solution, the fatty acids are separated,, 
as soaps, and an equivalent quantity of potassium chloride passes. 



CHAPTER VI. 


LINSEKD OIL FATTY ACIDS. 

Splitting up of Oih and Fat ^. — When a solution of neutral soap 
is dissolved in water the solution does not react neutral, but alkaline. 
This is due to the hi^h molecular weight and the weakly acid char- 
acter of the fatty acids. Their soaps are dissociated hy water, so that 
the solution contains at one time free alkali and at another time acid 
soap. Excess of alkali stops this dissociation, also alcohol. Kanitz 
has shown that, in a mixture 40 per cent, alcohol and 00 per cent, 
water, dissociation does not occur. The splittin^.^ up of fats constitutes 
a great industry in which tatty acids are prepared for candle or soap 
manufacture. Fatty acids ai e marketahh? products. These do not 
include linoleic acid, which is, however, extensively used in the manu- 
facture of driers. In the preparation of fatty acids tor the candle 
trade, autoclaves are used, the decomposition hy water of the fat 
occurring at a pressure of about H atmospheres, with the addition 
generally of quicklime, magnesia, or zinc-dust. There are also- 
Twitchell’s method, and the fermentative splitting up of fats. In 
Twitchell’s method the splitting up is eilected hy steam at the ordin- 
ary temperature, using naphthalen stearo-sulphonate as catalyst. 
In the fermentative splitting up of fats, lipase, a ferment which oc- 
curs abundantly in castor oil seed, is used as the hydrolysing agent. 
A similar ferment has been found in linseed and in linseed oil cake. 
This method is little used, the zymogen cannot he obtained as an 
active enzyme. Linseed, however, contains an active lipase, different 
from that of any other seed. None of the splitting processes in use 
give quantitative results, and technical linoleic acid contains 5 to 10 
per cent, of neutral* undecomposed oil. • 

The Intimate Chemical Composition of Linseed Ot/.— Like all 
other oils and fats, linseed oil consists of the elements carbon, 
hydrogen, and oxygen. It does not contain sulphur, except it be in 
traoes, and then only when the linseed is highly impure, from crucifer- 
ous seeds, is the sulphur content of linseed oil appreciable. Extracted 
oil contains nitrogeneous substances in small quantities. The above 
three elements group themselves together in linseed oil, (1) 
glycerine, (2) as fatty acids, both being present as glycerine esters. 
The splitting up of these esters is best done in the laboratory, b^ 
heating with excess of alcoholic potash (or soda) lye. On dili^ing; 

(75) 
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the , alcohol a mixture of (1) glycerine, (2) potash soap, and (3) free 
alkali is obtained. If this solution be boiled with excess of «hydro- 
' chloric or sulphuric acid, the soap is decomposed, the fatty acids, in- 
soluble in water, separate as an oily layer on the surface, and can be 
separated by a separating funnel from the aqueous acid liquid. That 
^in the latter there remain no fluid f^tty acids, Mulder has shown 
by a distillation experiment. It contains all the glycerine, which, 
however, is not pure. By evaporation with carbonate of potash lye, 
and extraction of the residue with acetone, the glycerine may be 
isolated. 

The Mixed Fatty Acidn of Linseed OIL — That the mixed fatty 


X. 


acids of linseed oil are to a large extent 
fluid, and that only a small amount of 
solid fatty acids is present is shown by 
their behaviour on cooling. They parti- 
ally crystallise at 15” C. (59°^ F.) and 
liquefy on warming to 20'" C. (G8° F.). 
The solid^fatty acids have a higher melt- 
ing-point when freed from the liquid fatty 
acids. When the mixed fatty acids are 
cooled to 0” C. (32” F.), the solid fatty 
acids do not separate out quantitatively, 
therefoi'C, the portion that has crystallised 
out, as a general rule, contains much 
fluid fatty acids. The separation is best 
cari’ied out by cooling of alcoholic solu- 
tion of the fatty acids, a method first 
adopted by Chevreul, and later on by 
Mulder. Mulder has shown, in regard to 
Warrenti’app’s method, which rests on 
the principle that the lead salts of the 
fluid fatty acids are soluble in ether 
whilst the solid fatty acids are insoluble, 
that this method is not trustworthy, as 
the lead salts of the solid fatty acids are 
not completely insoluble in ether, and 
tha;t the separated lead salts of the solid fatty acKls are still coloured 
yello\v,' arid, therefore, impure. Moreover, the fluid fatty p.cids still 
contain i>isoiuble lead salts. 



Pig. 41.~WolfIbauer’8 method 
of determining the solidifica- 
tiou-point of the mixed fatty 
acids of diflerent drying oils. 


X Melting-Point of Fatty Acids. 

The Iodine iV?^w!Vig/- of the Liquid Fatty Acids of Linseed Oil {the 
Inner Iodine NumherJ \ — The saturated solid fatty acids absorb no 
Iodine, so if the iodine aBisorption of the fluid fatty acids, the inner 
iodine number, be known, if^o also is that of the mixed fatty acids 
ifnd of th« oil itself known. 1 The solid and fluid fatty acids are separ- 
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ated by Warrentrapp’s method thus : 10 grammes of oil are run into a 
300 c.c^ Erlenmeyer flask and heated with 40 c.c. in alcoholic potash, 
until complete saponification is effected. Phenol phthalein is added, 
and the soap netitralised with strong acetic acid. Enfiugh water is 
added to equal that of the alcohol, then a solution of 10 giummes 
of lead acetate in 100 c.c. 50 per cent alcohol. The whole is heated 
on the water-bath until the le^ul soap is solid, the flask with stirring 
rod is removed, and the whole allowed to stand overnight. The fluid 
portion is run off through a filter, and the small amount of lead soap 
added later on to the main portion. The lead soap lemaining in the 
flask is drenched with alcohol,and the flask and contents put to dry 
in a warm place. To the dried lead soap 100 c.c. ether is added, 
and shaken until the larger lumps have coin])letely broken up and 
the insoluble lead soap floats in the solution, in tlu; form of a flnrky 
precipitate. The whole is allowed to settle and the ethereal solution 
filtered into a separating funnel. The washing of the ])reci})itate is 
unnecessflii'y wdien only the inner iodine number is to be determined. 
The ethereal solution is agitated with hydrochloric acid, in excess, to 
decompose the lead salt. When the’ ethereal solution has completely 
clarified, the acid aqueous fluid and the lead chloride are sejiarated 
from the ethereal solution of fatty acids in a second separating funnel ; 
there it is shaken with aqueous lye, containing about 2 grammes 
NaOH or KOH. To cause the twolayeisto se})arat(; out sharply 
10 to 20 c.c. of alcohol are added, and rejieatedly shakmi. The un- 
saturated fatty acids are dissolved in the alkaline solution from which 
they are recovered on acidulation by hydrochloric acid, and shaking 
w’ith petroleum ether. The latter should not contain any fraction 
boiling above OO*" C. and should be completely volatile on the water- 
bath. By the above method of jmrification the unsaturated fatty 
acids are separated from the unsaponifiable on the one hand, and 
the oxyacids on the other. The presence of lead starts catalytic 
auto-oxidation, so the formation of oxyacids cannot very well be com- 
pletely prevented, but it can be very much reduced when the extrac- 
tion of the lead soap and the distillation is conducted in a stream of 
hydrogen. Warrentrapp’s method was soon found to be defective, 
as a non-negligible portion of unsaturated fatty acids remains in the 
residue from the ethereal solution of the lead salts, so that the 
separated lead salts still absorb iodine. lahrion found lU’fl to l1f'3, 
Lewkowifech 22*3, and later on 19-2. It is important to observe that 
it is oleic acid which remains in the saturate-d fatty acids and so in- 
creases the inner iodine number. Conversely there remains a small 
quantity of solid fatty acids in the fluid portion, and, during auto- 
oxidation, takes the place of a portion of the linolenic acid. Both 
lower the inner iodine number, so that the latter is generally low, 
Fahrion found for the linseed oil used outer iodine number 280*9?, an^ 
for the inner iodine number 203*3, 204*6, and 205*2, although in shaking 
up with ether the lead was replaced by a baryta salt. 
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THE IODINE NUMBER OF (a) DIFFERENT SAMPLES OF LINSEED 
OIL AND {b) OF THE LIQUID FATTY ACIDS DERIVED THERE- 
FROM. # 


(//) “ Oui«r Iodine Nuinlier,” I 


(h) “ Inner Iodine NiimW.” 


• Cold ])rcHB«(l linseed oil 

17i)*4 • i 

201-4 

Italian linseed oil, 1H9H 

178-4 

190-1 

„ „ n 

17fiR 

193-0 

Indian ,, „ 

181-0 

203-0 


Nuinoi-ous attemjits to render Warrentjupp’s useful method for the 
se])aj'ation of fatty acids accurate, liave been made. Farnsteiner re- 
plii,c('s idluii- hy benzol. On heatin‘,^ the ](;ad salts of the saturated 
fatty acids dissolv(‘, hut on coolin^^ fi-om H to 12" (>. they are quanti- 
tatively se])arated, and only the unsatuiated lead salts remain in • 
solution Fahrion tried this method, hut found no f^reat advantage 
over the ordinary method. The insoluble lead salts were coloured 
yellow, and gave an iodine al)soi‘])ti^)n of 18’9. Fai-nsteiner claims 
also to have discovered a nu‘thod of separating oleic acid from the 
highly unsatui’ated fatty acids. He converts the mixed fatty acids 
into the baryta salt and treats this whilst wai'in with a mixtui’O of 
95 per cent. IhmizoI and 5 })er cent absolute alcohol, Harium oleate 
dissolves therein on cooling to about 0 ’ ; it is quantitatively se})arated 
whilst harium linoleate and linolenate remain insoluble, but this 
method is not accuraU*. A method of Fartheil and Fei’ie, in which 
the lithium salt is used for separation, is quite unieliable. 

Faliriini'n O.T(/aci(is. Their Estimation. — It has been repeatedly 
proven that (1) linseed oil and (2) linsjed oil fatty acids absorb 
oxygen from the air. Amorphous oxyacids are thus formed from (a) 
linoleic and (/#) hnolenic acids, as first pointed out by Fahrion. 
They are characterised by their insolubility in petroleum ether; their 
glycerides are, however, soluble therein, so that a highly oxidised 
linseed oil still may remain soluble in petroleum ether. If the oil 
in question be saponified, the separated fatty acids are still soluble 
in ordinary ethei’, but partially insoluble in petroleum ether. The 
quantitative estimation of these acids is performed in the same ^<^ay 
as ihe determination of the Hehner number. The oxyacids occur as 
light fiakes, and are separated from the petroleum ether solution of 
the fatty acids by filtration. Or. if it be desired to handle them in 
large quantities, a separating funnel is used, so that the petroleum 
ether solution may be drawn off clear. The oxyacids are dissolved 
in warm alcohol, the solution cooled, and filtered into a platinum 
dish. The alcohol is evaporated on the water- bath, the residue dried, 
ovoighed, heated, and again weighed ; the difference gives the oxy- 
acids. Quite fresh linseed oil should naturally be free from oxyacids, 
l^jit, in actual practice, traces are always found. Again, linseed does 
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not come fresh to the press; it has a long sea-voyage behind it. 
Moreover, the practice of foreheating the seed induces slight auto- 
oxidation of the linseed oil. 


No. 

Age of Oil. 

Iodine No. 

i Per Cent. 

: I. 

1 Two moDths . 

170-40 

U-05 

: II. 

! Throe years 

174 0:i 

U-70 

i HI. 

, Two months . 

177-25 

0-SH 

' IV. 

I Seven ,, 

170 2H 

0-50 

, V. 

; — 

170-05 

()-7:? 


But linseed oil fatty acids are much more readily oxidised than . 
linseed oil itself, and it must not he forgotten that, during the jn-ocgss 
of analysis, small quantities of new fatly acids are fornu'd. If linseed 
• oil mixed fatty acids he heated for 2 hours in iht* water-liath in an 
open porovdain hasin at 105 to 110' 10 per cent, liecomes insoluhle 

in petroleum ether. It therefore contains ox\acids, whicli Mulder 
wrote so much about, although j^iUroh'um ether was unknown to him. 

Like Liebig, Schuler, who, like Muldei, occiqued himsell \\ith 
linseed oil, speaks of the solid fatty acids as palmitic acid, hut without 
any close examination. Mulder saponified linseed oil with aqueous 
potash lye, and precipitated the soa}) with lead acetate, kneaded the 
lead salt wdth wwrn W'ater, and, whilst still moist, extracted it witli 
ether. The insoluble lead soaj), mixed with white lead and lead 
hydroxide, was decomposed by hydrochloric acid, and the latty acid 
submitted to fractional crystallisation from alcohol. Mulder thus 
obtained (1) palmitic acid, C](,H.,.p.^, of meltingqioint 02 C. and (2) 
myristic acid, of melting-jioint Od" (1. Both were contamin- 

ated after repeated crystallisation by a red resinous substance, removed 
by animal charcoal. The mother liquor contained a buttery sub- 
stance, which, on attempts to crystallise it, only left a reddish, com- 
pletely saponifiable resin, readily soluble in alcohol. As to the 
composition of this resin, Mulder was quite right in regarding it as 
a linoleic-acid residue which remained in the lead soa]), and, in the 
sequence of different operations, became, in course of time, oxidised. 
Mulder recognised lauric acid, but Hazura could find no trace of it. 
We know now that*it is w'ell-nigh impossible that a single mdivid^ial 
of a mixture of three or more solid fatty acids should he completely 
pure and free from fluid fatty acid by mere separation by crystallisa- 
tion. When it is confidently asserted on the authority of Mulder 8 
experiments that the greater part of the solid fatty acids of linseed oil 
consist of palmitic acid and myristic acid, it must not be lost sight 
of that Mulder had only a very small quantity of these on his hands 
for examination purposes. Moreover, during the alcoholysis of linseed) 
oil, with subsequent fractionation and saponification of the methyl 
ester, besides palmitic and myristic acids, Haller found an appreciable 
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quantity of stearic acid, melting-point 69° C., and a small 

quantity of arachidic acid, melting-point 77° C., ^ 

Solid Fatty Acids of Linseed Oil. — Liebig described the solid fatty 
acid that can* be separated from the mixed fatty acids of linseed oil 
as palmitic acid. Unverdorb€*ii found that linseed oil contained 
stearic acid as well as palmitic acid. Bromeis isolated the solid fatty 
"acids by treating the linseed oil with^iitric acid, by which treatment 
they remain to a great extent unchanged and can be crystallised from 
alcohol. He termed them margaric acid ; likewise Sacc, who obtained 
them in the same way and gave them the formula Cp;H.,^Oo. Sacc 
knew that the solid fatty acids obtained by Warrenti’app’s method 
were impure. The ether-insoluble lead salts contained basic lead 
linoleate. He examined into the matter of the separation of the 
liq'uid and solid acids further, and in a very interesting way. He 
saponified linseed oil with caustic soda lye, and separated the soda 
soap from the solution by excess of common salt. The semi-dried * 
soap was exposed in a thin layer in an airy place and kept Vann, so 
that it rapidly absorbed oxygen, and dried with a yellow colour. 
After two or three weeks it was brought into solution by strong soda 
lye, which was coloured brown. The w’hole operation lasted two to 
three months and eventually gave an almost white soap. This was 
decomposed by hydrochloric acid and the fatty acid crystallised fi’om 
alcohol, melting-point 00° C. (140“ F.) C = 75’8, H = 12'5, 0 = 11-7 
per cent. = 100; requires 0 = 75*0, H = 12'5, 0 = 12-5. 

It thus follows that Sacc w^as the first to show the purity of the auto- 
oxidation products of the liquid fatty acids of linseed oil. 

Fluid Fatly Acids of Linseed Oil. ClicvreuLs, (ioillicb's, and 
Voclcker*s and Lanveni'S Tiesults. — Amongst the fluid fatty acids of 
linseed oil, Chevreul only described oleic acid, the correct composition 
of which, as CjpH.^^O.j, was first determined by Gottlieb and Voelcker. 
Laurent must be credited with the discovery that linseed oil must 
contain other fluid fatty acids than oleic acid, as he found linoleic acid 
to behave quite differently under the elaidin test, and under vacuum- 
distillation, from ordinary oleic acid. Sacc’s experiments. — The next 
results as to the composition of linoleic acid were obtained by Sacc, 
who experimented on the subject afresh. He saponified cold-pressed 
linseed oil with lead oxide, extracted the lead soa^p by agitation with 
ethSr, deepmposed the ethereal solution by sulphuretted hydrogen, 
and subjected the linoleic acid so obtained to combustion?" To the 
data so obtained (C 76 per cent., H 10*7 per cent., 0 13*2 per cent.) 
wjorresponds the formula CjgHjjj.Oa. Mulder s criticism. — Mulder 
justly v^pointed out that, from the above data, Sacc’s linoleic acid had 
absorbeuq much oxygen. Action of nitrous acid on linoleic acid 
and nitric. — gg^oo found that linoleic acid when treated with nitrous 
ktcid gave no^ elaidin. Treated with nitric acid it first of all gave a 
reddish resin, ^fterwards found to be suberic acid, CjgHj 404 . 
t. Schuler s Metn\^^ Preparing Linoleic Acid. — Schuler saponified 
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linseed oil with caustic soda, salted out the soap, precipitated the 
aqueous solution with calcium chloride, agitated the lime soap with 
ether, decomposed the ethereal solution with hydrochloric acid, and 
dried it, at a low temperature, in a stream of hydrogen* To purify it 
still further, the linoleic acid was converted into a baryta salt, the latter, 
crystallised from alcohol, agitated with ether, and the ethereal solution 
treated as above. Schuler deScribes the linoleic acid so obtained as* 
a pale yellow, very limpid fluid with a weak acid leaction, and a 
pleasant taste at first, but unpleasant later on. The combustion 
results (C 75‘9 to 7G‘2 per cent., H 10‘9 to 11-4 per cent.) correspond 
to the formula , 

Mulder's Objections. — Mulder raised the objections to Schuler's 
linoleic acid that it had absorl)ed much oxygen and that it was im- 
possible to talk of crystallisation of the baryta salt, as it se])arurteH 
Irom an alcohol solution in flakes. It is now evident that the 
• numerous purifications were not eflected without considerable loss of 
substance* so that the fatty acid separated, and analysed, had a dif-’ 
ferent composition from the ordinal. Schuler found too little metal 
in his linoleic salts, and therefore the true formula may be C|;Il 3 ,(Ojj. 
Mulder concluded from the above results, that Schuler’s linoleic acid 
contained ordinary oleic acid. Schuler’s formula was next attacked 
by 0. Sussenguth who treated linoleic acid with bromine. 

Sussengutlis Impure Ilydrobromtuate from funolenic Acid . — 
Hydrobromic acid was evolved with great evolution of heat. He 
agitated the product with ether, crystallised the insoluble from alcohol, 
and so obtained crystalline plates, a fatty acid with the formula 
€„.H 2 cBr 404 . He had in reality obtained impure hexabromlinolenic 
acid. Mulder experimented on the oxidation of linoleic acid and its 
salts. He examined the behaviour of linoleic acid, under repeated 
oxidation, as a result of which the more often pure linoleic acid is 
treated, the less there remains of it, and the more impure is the 
oxidation, find again, free linoleic as well as its salts is readily oxidised 
and useless for analysis. It follows therefore that free linoleic acid 
cannot be used for general analysis, and great difficulty is experienced 
in preparing pure salts from it and in correlating the carbon, and 
hydrogen, and metal, with the correct formula for linolic acid. The 
metal content is %ery contradictory, the salt containing too little. 
Mulder tried to find whether it was entirely due to hydro^sis oi* to 
the formation of basic salts, that whilst approaching the right weight 
they were no longer soluble in ether. A neutral salt was necessary 
for solution in ether, said Mulder, who further stated that a satis- 
factory metallic salt cannot be prepared from linoleic acid. 

Fahrions Method of Preparing Pure Metallic Linoleates.— 
According to Fahrion, the preparation of pure metallic linoleates is 
not so difficult. He saponifies the linseed oil with caustic soda, nearl/ 
neutralises the aqueous solution with acetic acid, precipitates with 
barium chloride, extracts the baryta salt with ether, and ^vaporatel^ 
VOL. I. <3 
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the ethereal solution, without further treatment, in a platinum basin 
on the water-bath. The residue contains 20*2 per cent, baryta (barium 
linolenate = 19’9 per cent.). 

In spite ot all the above drawbacks Mulder believed from the 
C and H content of a lime and a copper salt that he had confirmed 
^Schuler's formula. However, the above figures in no wise correspond 
with but according to thi theory of that time, which 

regarded these salts as addition products of metallic oxide and acid 
anhydride, the anhydride of ^10^28^2 » 'vhcn 

more closely inspected Mulder s salts had absorbed much oxygen. 
At the same time they are less prone to oxidation than Mulder 
thought. 

Hazura's Method of Saponifyimj Linseed Oil. — Hazura saponified 
liifseed oil with alcoholic potash, dissolved the soap in much water, 
neutralised with acetic acid, precipitated with lead acetate, extiucted 
the still moist precipitate with ether, decomposed the ethereal solu- 
tion, by acid, and dried the i-esidue, over CombuStion gave 

C = 77*48 and 77*35 per cent. ; = 10*85 and 10*79 per cent., 

calculated for linolenic acid; C = 77*7 ; H 10*8. 

Mulder s Belief in the Presence of Oleic Acid in Linoleic Acid . — 
Mulder only accepted Schuler’s linoleic acid formula of Cj,.H.^g02 
reservations. He asserted that no one can deny that pure linoleic 
acid has not yet been prepared, to which the formula Ci(>Hjjg 05 ; can 
be applied. This doubt was intensified by Mulder’s firm belief that 
linoleic acid also contained oleic acid, CigHg^Og, or at least some other 
similar acid. As he could not fractionally crystallise the salts of 
linoleic acid he attempted to prepare them in another way. He 
agitated completely dry linseed oil with ether, which left behind a 
thick fluid quite colourless body, soluble in ammonia and soda lye. 
When this substance was converted into a lead salt and the latter 
shaken with ether, and the ether soluble salt decomposed, a fluid fatty 
acid was obtained. 

Mulder's Dried Film of Lead Linolcate. — Finally Mulder left an 
ethereal solution of lead linoleate to evaporate in the air. The lead 
salt, so obtained, gave on decomposition an oily acid, which did not 
dry and therefore was not linoleic acid. As the thick fluid gave no 
elaidic acid, wuth nitrous acid, Mulder regarded, it as oxidised oleic 
acid. Mfulder describes linoleic acid as a colourless oil which 
rapidly becomes coloui'ed in the air, which can be cooled ttelow 0° C. 
without solidifying. The K, Na, NHg salts are soluble in water 
and alcohol, the Ba and Ca salts in hot alcohol, the Ca, Ba, Cu, Pb 
salts in ether. On fusion with caustic alkali linoleic acid gives 
hydrocarbides and a volatile acid. Hydrogen and acetic acid were 
not found. 

Hazura's Linoleic Acid. — But Hazura obtained both the latter, by 
fusion of the oleic acid, from hemp-seed oil with potash. He prepared 
iiis linoleic acid by Schuler’s method with the qualification that the 
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baryta salt was only dissolved in alcohol. The combustion gave 
tigurestwhich corresponded with the formula 

The Cjy Nucleus of Peters . — That linoleic acid ^contained the 
nucleus Peters showed thus: he heated it with hydriodic acid 
and red phosphorus for 8 to 10 hours at 200 to 210'" C. and treated 
the product with sodium amjlgani and thus obtained stearic acid,, 
CjyHyj.Ojj, melting-point 69' C. 

Duff and Dcformatsh[i's llesearches. — Duff and Reformatsky 
prepared Schuler’s linoleic acid in a pure state hut from ethyl lino- 
leate. It was converted by hydriodic acid into moniodo-stearic acid, 
CijjHyrPa* latter rediiced by zinc and hydrochloric acid to 

stearic acid, The yield of the latter was, of course, only 

small. Whilst the inaccuracy of Schuler’s formula was acknowledged, 
the above authors, in contradiction of Mulder, still regarded linoleic 
acid as a simple substance. K. Hazura was the first to obtain oleic 
acid from Mulder’s supposed linoleic acid, and later on to show that, 
besides oleic acid, another acid, CjPy.,Oj,, hut in much larger 

quantity, a still stronger unsat^irated fatty acid, Hazura. 

used an oxidation method by which the unsaturated fatty acids were 
dissolved, in excess of caustic potash, and the solution decomposed 
by permanganate. This method was first used by Kehule in the 
oxidation of fumaric and malic acids, whilst SaytefT was the first to 
use it for fatty acids of high molecular weight. In the oxidation of 
unsaturated bodies, there is a disruption of the double link, and 
here the direct oxidation of oleic acid by aqueous permanganate gives 
azelaic acid, CyHj(| 04 , melting-point lOH. As oleic acid dissolves in 
excess of caustic potash, 168 grammes of oleic acid are treated with 
50 grammes of KHO and made up to the litre, and this solution on 
cooling decomposed by 168 grammes KMnO^ in 3 litres of water, 
dioxystearic acid is obtained as the chief product. This acid can be 
converted into moniodo-stearic acid by the action of PI -}- H^O and / 
the former into stearic acid by the action of nascent hydrogen. The 
dioxystearic acid appears identical with iso-dioxystearic acid, obtained 
by Overbeck in treating oxyoleic acid obtained from dibromoleic 
acid and silver oxide with potash lye. Sayteff showed that oleic acid 
wh^n oxidised in alkaline solution added two hydroxyl groups. The 
double link was replaced by the fixation added to two hydroxyl 
groups. He explains the reaction thus : The double link wa» replac^ 
by the fixation of one atom of oxygen, and under the influence of 
alkalies hydration took place. Hazura formulated the following general 
rule from his results, viz. all unsaturated fatty acids, oxidised in 
alkaline solution, absorb / . many hydroxyl groups as they possess 
free valencies and are converted into saturated fatty acids, all of 
which contain the same number of carbon atoms in their molecule. ^ 
This rule harmonises with Fellig’s researches and with Wagner's. ' 
Later Sayteff showed that the fixation of an oxygen atom by the 
double links cannot take place unless the permanganate firsfp oxidi^etf 
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the water, so that two molecules thereof take up two hydrogen atoms 
and then the two resulting OH groups are fixed on both the 'double 
linked carbon^ atoms. Hazura contradicts this theory as the un- 
saturated fatty acids, when oxidised by hydrogen peroxide, must yield 
dioxyacids just as hempolic acid yields azelaic acid, with hydrogen 
^peroxide. Finally, he refers to the property of alkalies for fixing 
0 + HgO. Besides he laid down the rule that unsaturated fatty acids, 
with three such links, also those with double links, behave in that 
way. Later on Holde and Marcusson advocate Wagner’s theory. 
Ammonium oleate, in ammoniacal solution, treated with ammonium 
permanganate, likewise yields dioxyatearic acid. In this case 
Hazura brought hydrogen peroxide, not in the nascent state, into play, 
so he held that the last objection could not bo sustained. Hazura’s 
reRearch(!H on the fluid, fatty acids of drying oils are comprised in 
a series of contributions, which are here given in chronological order : 
(1) hem])olic acid is referred to (2) sativic acid is 

and (3) linoleic acid Then the comprehensive work “ On 

Drying Oils” cornjileied his researchffs. 

Tke Kxaminaiiim of Linseed Oil Fatli/ Acids . — Linseed oil is 
saponified by KHO, the soap dissolved in water, the solution neutralised 
by acetic acid, and precipitated by lead acetate. The lead soap is 
shaken up with ether, and the ethereal solution decomposed by 
dilute sulphuric acid, and by dilution of the ether the fluid fatty acid 
is obtained ; 30 grammes of this fat are dissolved in 36 c.c. of aqueous 
potash, D = L27 = 29’5 per cent. KHO, and water to 2 litres, and 
this solution at summer temperature decomposed with energetic 
stirring by 2 litres of A 1*5 per cent, solution ot potassium perman- 
ganate. The liquid fii’St becomes dark green, after a time it liberates 
manganese peroxide, from which, after an hour’s standing, the now 
clear fluid is separated by filtration. The alkaline filtrate contains 
the potassium salt of the oxyacid thus produced. It is decomposed by 
sulphuric acid, which causes a flocky precipitate to appear, which is 
filtered off and dried on porcelain plates. This acid mixture (A) is 
converted into the baryta salt, and then shaken with hot water. The 
insoluble baryta salt is decomposed by hydrochloric acid, the separated 
acid dried in the air, and digested with a large quantity of cold etjier. 
0^ the evaporation of the ether, there only tremains unoxidised 
linoleic acid, and dioxystearic acid, The residue insoluble 

in ether consists of sativic acid, CjgHgj-O,,. The aqueous solution of 
baryta salts is strongly concentrated, and then decomposed by dilute 
hydrochloric acid. The acid separated is mostly linusic acid ; there 
is, however, a small quantity of isolinusic acid in admixture with it 
from which it is separated by fractional crystallisation. The acid 
filtrate from A is neutralised by KHO and the 4 litres evaporated to 
about 300 c.c. ; it is then acidulated by dilute sulphuric acid, filtered 
from the precipitated acid mixture, dried in the air, and dissolved in 
'ether ; only azelaic aoid, CpHuj 04 , dissolves. It is a decomposition 
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product of linoleic acid. The portion insoluble in ether is isolinusio 
acid, (SjgHjgOg, an isomer of linusic acid. The following is a descrip- 
tion of the properties of above acids as obtained by Ht^zura, together 
with information as to their source ; — 

Hazuras Acids and their Derivatives. — 1 . Dioxystearic acid is the 
oxidation product of oleic acid.JUjgH^^O.^. Mulder’s belief that linseed, 
oil contained oleic acid was confirmed by Hazura. The constitution of 
oleic acid as CH^ . (CH^)- . CH : CH (CH^,)y . COOII is firmly estab- 
lished. Therefore, dioxystearic acid must have the formula 


ch,(ch 2 );Cii . op . cn . oh . (ciIjIXOoh. 


The crystalline form, according to SaytelT, is rhombic plates. Hazura 
at first spoke of mother-of-pearl plates, later of rhombic plates, again 
as blunt angled tabular cry stals. SaytelT gave the melting-point at 
first as 132-5, later on as 136-5° C. Hazura found first 130 to 131° C., 
later 137* C. Groger, who oxidised oleic acid from ox-tallow, states 
that he never found a higher melting for the dioxystearic acid than 
130-5 to 131-5° C., and Fahrion confirms this figure as regards the 
dioxystearic acid from linseed oil. The latter states it can no longer 
be denied that different oleic acids occur in natural oils and fats. 
Dioxystearic acid is completely insoluble in water, freely in hot 
alcohol, slightly in cold alcohol, and very slightly soluble in ether. The 
alkaline salts are freely soluble in water, those of baryta insoluble 
therein. Hazura in brominating linseed oil fatty acids found that, 
during bromination, oleic acid yielded no crystalline derivative, 
only the thick dibromoleic acid. Sativic acid, C|gH., 202 ( 011 ) 4 , is 
a tetra-oxystearic acid ; it crystallises in long needles with pyramidal 
prisms and a silky lustre melting at 17d° G. It is insoluble in cold w-ater, 
carbon disulphide, ether, chloroform, and benzene, soluble in 1000 
parts of boiling water, slightly soluble in cold alcohol, readily soluble in 
hot alcohol and glacial acetic acid. The baryta salt is insoluble in 
water, potassium permanganate oxidises it to azelaic acid. The four 
OH groups behave normally during acetylation. P’inally, on treat- 
ment with iodine, followed by reduction, sativic acid yields stearic 
acid. Therefore, the mother substance of sativic acid must be an un- 
saturated fatty aci^ containing four doubly links. Hazura 

called it linoleic acid. Various circumstances point t(j different 
linoleic a? 5 ids occurring in different oils amongst the linoleic acid of 
hemp-seed oil which, according to Hazura, yields a well-crystallis^ 
tetrabromide derivative of melting-point 114 to 115° C. Linoleic 
acid from linseed oil yields a thick fluid tetrabrom ■ derivative which 
hardly becomes solid and melts to an amorphous mass at' 98 to 100 ; 
Finally, quite a series of tetra-oxystearic acids were obtained, the 
melting-point of which was below 173° C. — 152 to 165. On the othef 
hand, Thoms obtained from telfairic acid a hydroxy acid melting 
at 177° C. Linusic acid, seldom forms needles b«t 
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mostly forms rhombic plates, ending in two blunt angles ; melts at 
203" C. It is insoluble in ether, slightly so in cold water, aivi more 
freely in hot jvater. But water dissolves it more freely than sativic ’ 
acid. Moreover, it is slightly soluble in alcohol. The baryta salt is 
slightly soluble in cold water, freely soluble in hot water. With 
^acetic anhydride it produces a hexa<jetyl derivative ; it is a hexa- 
oxystearic acid derived from an unsaturated fatty acid, 
linolenic acid. Hexabromlinolenic acid, forms needles 

with a melting-point of 177'’ C., completely insoluble in ether and 
acetic acid. Lately it has been prepared direct from the mixed fatty 
acids of linseed oil. Reformatsky regarded the hexaoxystearic acids 
as secondary products, although Ilazura had shown previously that 
sativic acid on further oxidation in alkaline solution yielded no 
linusin nor isolinusin, but only azelaic acid and decomposition pro- 
ducts. 

Hehncrn and MUckeWs Inaoluhle Ilcmhromides . — Hehner and 
Mitchell, in 189H. prepared the insoluble hexabrornide from linseed 
oil fatty acids, by bromination in eth«r, or acetic acid, solution. In- 
stead of 177'' C. they found the melting-point to be 180 to 18L C., and in- 
stead of the theoretical quantity of bromine, 63’31, their hexabrornide 
yielded 01*80, or a deficiency of 1*51 per cent. No crystalline sub- 
stance was obtained from the mother liquoi*, only a thick fluid impure 
tetrabromide. On boiling the impure tetrabromide with alcoholic 
potash the bromine was completely removed. The potassium stilt of 
the tetrabromide, by treatment with acids, liberated a yellow viscid oil 
absorbing 01*63 per cent, of iodine. On reduction of the hexabrom* 
linolenic acid with Zn -i- 2H(3 free linoleic acid was obtained as an 
almost colourless oil of sp. gr. : 0*9228, iodine No. 241*6, absorbing 


oxygen from the air with great rapidity and turning dark brown forth- 
with. Hazura’s linolenic acid also absorbed oxygen rapidly and could 
not be prepared pure, and thus could not be brought to absorb more 
than 245 per cent, of oxygen, the theoretical amount being 274*1. If 
Hazura’s and Hehner and Mitchell’s figures fairly agree they are both 
•considerably below the theoretical. Brominated in acetic acid solu- 
tion it is only partially converted into hexabrornide, but HBr is 


>also evolved. Later linseed oil was itself brominated in an etjier 
'•lution kept cool during the operation likewise im acetic solution. It 
about 25 per cent, of crystalline bromide, melting point 
' 144"', Analysis of a mixed glyceride of hexabrom linolenin 

a d dibr?''^"'^^ C3H,(C,,H3,0,Br,). (C,,H,,0,Br,),. 

Th Ozonidcs. — C. Harries began his work on the 

e reps, unsaturated compounds. He fixed a molecule of 
action 0 ’>le link, and on treating the ozonide, so obtained, 

ozone on e ou» formation of aldehydes. Harries 

with water, It d^om produced 

rmaf oWe C..B??’ 9 “ 


a normal ozonide, CjgH^ 
tailing with water, it 


left as priman' product nonaldehyde, 
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0113(0112)7 . CHO, and azelaic semi-aldehyde, CHO(CH2)7CO . OH, 
according to which the constitution of oleic acid is 

CH3 . (CH2)7CH : OH . (CH2)7C00H. • 

C. Thieme also treated linoleic acid with ozone and obtained a 
syrupy ozonide with the apprcyimate composition As de-^ 

composition produces only formic acid, azelaic acid and azelaic half- 
aldehyde were identified with certainty. When tri-olein is agitated 
with a solution of ozone in hexane it absorbs 3 molecules of ozone. 
The ozone number of tri-olein is 1G*45. Calculated for : 

IG'37. The tri-oleic ozonide has the following formula : — 

/ ' 

ciL . (CH..)-CH . cii . (cn.,).co . 0 . cir., 

O3 I “ 

I 

CH., . . CH . (CH..).CO . 0 . Cll 

I 

CH,, . (CHJ^CH . CH . (CH..);CO . 0 . C’H., 

0 ;. 

It is a thick colourless oil decomposing at 136° C., soluble in ether, 
acetic acid, benzene, chloroform. When heated with 20 per cent, 
alcoholic potash on the water-bath azeloidic is obtained on acidula- 
tion and glycerine remains in the mother liquor. Molinari and 
Fenaroli have followed the matter up with the view of determining 
new constants for the analysis of oils and fats. 

1. The iodine numbers of the ozonides of oleic and elaidic acid and of 

tri-olein. The ozonides are dissolved in alcohol or a little chloroform, 
and an alcoholic solution of potassium iodide added. Iodine id 
liberated. The proportion of iodine depends to some extent on how 
long the mixture has been allowed to stand. For the ozonide of oleic 
acid 39’03 per cent, of iodine is liberated in 24 hours. To each 
molecule of ozone there corresponds an atom of iodine, and according* 
thereto the iodine number of the ozonide of oleic acid is 38'45. By 
this method the olgic acid and tri-olein content of oils and fats may 
be estimated. • 

2. Th*e saponification number of ozonides. The determination of 
oleic acid in fatty mixtures by weighing the products of decomposi- 
tion nonylic acid, azeloidic acid, does not give satisfactory results ; on 
the contrary, better results are obtained by means of the saponifica- 
tion numbers of the ozonides of oleic acid and tri-olein. 

Bedford’s work was continued by F. Kaspe, who tried to establish 
the constitution of linoleic acid in a manner to which no exceptioh 
oould be taken. Linolenic acid, prepared according to Bedford’s 
method, was ozonised, by which it absorbed in solution 9 to 10 atoms 
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of oxygen. Therefore, the molecule of linolenic contains 3 double 
links. The ozonide is a thick colourless oil, now scarcely flui^, with 
a peculiar snjell. The ozonide peroxide is more resinous. They 
both behave [similarly towards water. Linolenic ethylate adds, in 
chloroformic solution, 10 atoms of oxygen ; the viscous, clear water- 
jWhite product yields on decomposit^n w'ith warm water, first of 
all azelaic acid, azelaic acid half-aldehyde, carbonic acid acetalde- 
hyde, and a light unstable oil which gave oxalic and adipic acid on 
cautious oxidation. By partial decomposition with cold water, the 
ozonide of the a ester was decomposed, but nothing further was 
identified beyond malonic acid haif-«aldehyde, and malonic acid. 
Finally, acetaldehyde is shown to be a secondary product, derived 
from propionic aldehyde, so the primary decomposition products are 
propionic aldehyde, malonic acid, azelaic acid ; that is to say, the 
aldehydes of both acids. He therefore ascribes the following formula 
to linolenic acid : CH, . CH., . CH : CH . CH, . CH : CH (CHJ^COOH. 
Therefore, la and h linolenic acids behave similarly on ozonisation ; 
they are itherefore to be regarded as stereoisomers of the a acid. The 
A acid is the labile cis, the B acid the stabile transform. 

Thieme holds that everything points to Reformatsky linoleic acid 
being a simple substance. 

Linoleio Acid from Sunflower-need Oil. — At the same time G. L. 
Goldsobel obtained linoleic acid as a tetrabromide from sunflow'er- 
seed oil. The fluid fatty acids of this oil gave sativic acid on oxida- 
tion, with a melting-point of 173° C., and this by further oxidation, 
in alkaline permanganate, oxalic, azelaic, and a hexylic acid, which 
would give linoleic acid the constitution 
CH, . (CHg)^ . CH : CH CH.CH . CH., . CH : CH . (CH^)- . CO . OH. 
Goldsobel, later on, claimed to have confirmed this formula by 
optical methods. 

Bed ford's Besearckes on the Unsatnrated Fatty Acids of Linseed 
Oil. — F. Bedford began, in 1900, his researches on the unsaturated 
fatty acids of linseed oil, and on their quantitative reduction to stearic 
acid. Bedford in the beginning tried first to extract each fatty acid 
by fractional distillation, in a high vacuum, for which he used a 
specially constructed apparatus. But although the pressure wasr aa 
lo\^ as 0-0005 mm., no fractional separation took place. Then he 
bromiiiate^ the mixed fatty acids of linseed oil in acetic j.cid solu- 
tion, and, after purification, prepared the hexabromide in large 
quantities. It was pure w^hite, melting-point 178-5° C. ; after two 
crystallisations from acetic ether, 179 to 180° C. A series of hexa- 
bromide derivatives were prepared ; these treated by alcoholic potash 
were reduced by zinc and hvdrochloric acid to linoleic acid. The 
Jatter had no fishy, but a somewhat pleasant, smell, d'-f- = 0*819, 
iodine figure 248*7 instead of 273*8, boiling-point under 0*001 to 0*008 
mm. pressure 157 to 158° C. During bromination only J of the lino- 
lenic acid is converted into crystalline hexabromlinolenic acid, the 
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remainder being a thick fluid tetrabromide. After debromi nation thia 
yields, on fresh bromination, only a small further quantity, and, on 
bromination once more, it yields no more hexabromidg. Linolenic 
acid is not reduced to stearic acid by HI and P but its ethyl-ester by 
hydrogen, aided by freshly reduced nickel, as a catalyst (Sabatier- 
Senterens’ method) to ethylic stearate, which on saponification yields ^ 
normal stearic acid, melting-point 09'’ C. The normal connecting- 
links of linolenic acid were thus again confirmed anew. Bedford did 
not accept Hazura’s isolinolenic acid, not only because one and the 
same acid gave two stereoisomeric oxyacids but also because during 
Hazura’s oxidation, besides oxyacids, lactones and anhydrides were 
produced, so that the oxidation product was a complex mixture from 
which it W'as well-nigh, if not entirely, impossible to obtain any 
one of its components in a state of purity. Again he points out 
that, during the debromination of hexabromlinolenic acid two 
isomeric linolenic acids remain — a linolenic acid with the crystal- 
line hexabromide and h linolenic acid with the fluid tetrabromide. 

In linseed oil only the a linolenic acid occurs. The linoleic acid of 
linseed oil, in contra-distinction to that of poppy-seed oil, yields no 
crystalline bromide which can Ik' referred to h linoleic acid. 

More recently A. Rollet has occupied himself with linoleic and lino- 
lenic acid. The first was prepared as tetrabromide, melting-point 114 . 
to 115° C., from poppy-seed oil, from which it appears without doubt. 
The b linoleic acid of linseed oil is closely connected with the a acid 
of poppy-seed oil, as is pointed out in this research. The tetrabromide 
was converted directly into methyl linoleate by methyl alcohol, HCl 
and Zn, and by cold saponification free linoleic acid was obtained. 

It consists of a water-w^hite oil, boiling-point 228 (^., iodine figure 
178'3 and 179-1 (instead of 181-4) d\^ = 0-9206. Bromination only 
gave a 50 per cent, yield of crystallised tetrabromide. How^ever, 
if linoleic acid be a single substance, tben it can on bromination leave 
two different derivatives, both of w-hich can be split up into two 
active components. On adding iodine to the oily tetrabromide no 
more iodine was absorbed, and on reduction it yielded not quite pure 
linoleic acid : boiling-point 230°, iodine figure 15B'9 and 160-2, which 
on being again brominated no longer yielded 26-2 per cent, of crystal- 
lised tetrabromide. Possibly the fluid tetrabromide was impure. The 
presence of oleic acid appears not to affect the yield of ao4id tetra- 
bromide as in the case of linolenic acid. On oxidation of the linoleic 
acid, the sativic acid produced on repeated crystallisation from alco- 
hol melts between 156 and 169° C. ; by boiling with benzol and 
once more crystallising from alcohol, the melting-point rises from 
171 to 173° C. 

Preparation of Linolenic Acid.— To prepare linolenic acid the ^ 
mixed fatty acids of linseed oil are brominated in acetic acid solution 
and the crystalline hexabromide, melting-point 180 to 181° C., directly^ 
converted into methyl linolenate water-white oil, boiling-point U 
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of oxygen. Therefore, the molecule of linolenic contains 3 double 
links. The ozonide is a thick colourless oil, now scarcely flui^, with 
a peculiar snjell. The ozonide peroxide is more resinous. They 
both behave [similarly towards water. Linolenic ethylate adds, in 
chloroformic solution, 10 atoms of oxygen ; the viscous, clear water- 
jWhite product yields on decomposit^n w'ith warm water, first of 
all azelaic acid, azelaic acid half-aldehyde, carbonic acid acetalde- 
hyde, and a light unstable oil which gave oxalic and adipic acid on 
cautious oxidation. By partial decomposition with cold water, the 
ozonide of the a ester was decomposed, but nothing further was 
identified beyond malonic acid haif-«aldehyde, and malonic acid. 
Finally, acetaldehyde is shown to be a secondary product, derived 
from propionic aldehyde, so the primary decomposition products are 
propionic aldehyde, malonic acid, azelaic acid ; that is to say, the 
aldehydes of both acids. He therefore ascribes the following formula 
to linolenic acid : CH, . CH., . CH : CH . CH, . CH : CH (CHJ^COOH. 
Therefore, la and h linolenic acids behave similarly on ozonisation ; 
they are itherefore to be regarded as stereoisomers of the a acid. The 
A acid is the labile cis, the B acid the stabile transform. 

Thieme holds that everything points to Reformatsky linoleic acid 
being a simple substance. 

Linoleio Acid from Sunflower-need Oil. — At the same time G. L. 
Goldsobel obtained linoleic acid as a tetrabromide from sunflow'er- 
seed oil. The fluid fatty acids of this oil gave sativic acid on oxida- 
tion, with a melting-point of 173° C., and this by further oxidation, 
in alkaline permanganate, oxalic, azelaic, and a hexylic acid, which 
would give linoleic acid the constitution 
CH, . (CHg)^ . CH : CH CH.CH . CH., . CH : CH . (CH^)- . CO . OH. 
Goldsobel, later on, claimed to have confirmed this formula by 
optical methods. 

Bed ford's Besearckes on the Unsatnrated Fatty Acids of Linseed 
Oil. — F. Bedford began, in 1900, his researches on the unsaturated 
fatty acids of linseed oil, and on their quantitative reduction to stearic 
acid. Bedford in the beginning tried first to extract each fatty acid 
by fractional distillation, in a high vacuum, for which he used a 
specially constructed apparatus. But although the pressure wasr aa 
lo\^ as 0-0005 mm., no fractional separation took place. Then he 
bromiiiate^ the mixed fatty acids of linseed oil in acetic j.cid solu- 
tion, and, after purification, prepared the hexabromide in large 
quantities. It was pure w^hite, melting-point 178-5° C. ; after two 
crystallisations from acetic ether, 179 to 180° C. A series of hexa- 
bromide derivatives were prepared ; these treated by alcoholic potash 
were reduced by zinc and hvdrochloric acid to linoleic acid. The 
Jatter had no fishy, but a somewhat pleasant, smell, d'-f- = 0*819, 
iodine figure 248*7 instead of 273*8, boiling-point under 0*001 to 0*008 
mm. pressure 157 to 158° C. During bromination only J of the lino- 
lenic acid is converted into crystalline hexabromlinolenic acid, the 
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.uniiower-seed oil. All three acids show a double link, exactly in 
the middle, in the 9*10 group linoleic and linolenic acid, a second 
double link between 6-7 and linolenic acid, a third doubly link in 3*4 

jrroup. 

(Tlycerides of Lmseed Oil . — We know almost nothing as to the 
principle on which, nor the maijner in which the fatty acids of linseed ^ 
oil are combined in the triglycerides. It was agreed at one time 
that all the fatty acids exist solely as triglycerides ; thus oleic acid 
occurs in nature only in the state of triolein, 

fjater on, however, a series of mixed glycerides, e.g. oleo di-stearin, 
were isolated from naturally occurring 
fats, which were separated fractionally by long and toilsome 
fractional crystallisation from oil solvents. With linseed oil, owing 
"to its great capacity of withstanding cold, this method does not suc- 
•ceed very Wll. Moreover, this capacity to withstand cold is so great 
that in linseed oil solid fatty a<aids of the mixed glycerides are in 
greater part prevented from crystallising out of the oil at 0" C. 
Henriques and Kunz set out to separate the different mixed glycerides 
from linseed oil in the form of halogen addition products, but 
Henriques’ death interrupted the work, which was never resumed. 
Linseed oil is to-day regarded as a mixture of triglycerides, of which 
we know next to nothing. The mean molecular weight cannot be 
determined so long as the triglycerides are mixed. Now linoleic and 
linolenic acids form the greater part of linseed oil ; their triglycerides ^ 
have the molecular weight of H7H and 872, and the mean molecular 
weight of linseed oil must approach these figures. G. Borries was 
the first to make researches by Beckmann’s freezing method in 
henzol solution. The figures 300 to 700 were found for raw 
linseed oil using concentration. Better results were obtained by 
freeing the oil from water by dry 00.^. Once more the figures 
were determined with strong concentration. They were 708, 674, 
And 644, mean 675. Norman tried to determine the molecular weight 
-of oils by the freezing method in benzol solution and by high con- 
centfation obtained high results. By the boiling-point method the 
figures differed widtly on strong concentration. Linseed oil gave 
1182 and as low as 500-4. Ether appears to be the best solvent for 
the boiling-point method, A. Genthe obtaining nearly correct results, 
the figures being 800. F. Fokin found by the freezing method 
solvents were not used — the figures 832. Evidently the molecular 
weight and its estimation require further investigation. Besides the 
triglycerides of the fatty acids, linseed oil contains other substances, 
but in small quantity as the glycerides of the fatty acid form 97 pel 
<jent. as a minimum, and 98 per cent, as a maximum of linseed oil 
The other substances form an interesting section both from a scien’ 
tific and a technical point of view. 
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of oxygen. Therefore, the molecule of linolenic contains 3 double 
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Goldsobel, later on, claimed to have confirmed this formula by 
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Oil. — F. Bedford began, in 1900, his researches on the unsaturated 
fatty acids of linseed oil, and on their quantitative reduction to stearic 
acid. Bedford in the beginning tried first to extract each fatty acid 
by fractional distillation, in a high vacuum, for which he used a 
specially constructed apparatus. But although the pressure wasr aa 
lo\^ as 0-0005 mm., no fractional separation took place. Then he 
bromiiiate^ the mixed fatty acids of linseed oil in acetic j.cid solu- 
tion, and, after purification, prepared the hexabromide in large 
quantities. It was pure w^hite, melting-point 178-5° C. ; after two 
crystallisations from acetic ether, 179 to 180° C. A series of hexa- 
bromide derivatives were prepared ; these treated by alcoholic potash 
were reduced by zinc and hvdrochloric acid to linoleic acid. The 
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Simple reasoning, therefore, tells us that the oils are those which 
hold the least amount of saturated acid and the largest qujfntity of 
linolenic an^ isolinolenic acids, which, having six valencies not satis- 
fied, are able to absorb oxygen more rapidly than linoleic acid. 
Moreover, it will be observed that the classification resulting from 
^ the preceding study is in complete^ concordance with the facts re- 
cognised in practice and with those observed by Mulder, and also 
with the classification which results from the iodine absoi-ption 
data. 

Estimation of the Free Fatty Acids in Linseed OIL — A perfectly 
neutral fat containing the exact equivalents of glycerine and fatty acid 
to form a pure neutral glyceride does not exist in nature. There is 
always a certain deficiency in glycerine, and the amount of fatty acid 
corresponding thereto is present in the free state. In other words, 
the glycerine corresponding to the free fatty acid has been split off, 
and oxidised to volatile compounds which have escaped. Linseed 
contains fat-splitting lipases, as already explained, only in a minimum 
quantity. Accordingly the free faV.y acid content of linseed is cor- 
respondingly small. Mulder’s statement that fresh linseed oil is 
perfectly neutral cannot be accepted. 

Pure samples of raw linseed oil, unless oxidised or thickened or 
very old, contain only small amounts of free fatty acid, whilst if 
sophisticated with rosin oil, which abounds in free rosin acids, the 
percentage acidity may be much increased. In the distillation of 
rosin there is a good deal of vesicular carrying over of unchanged 
rosin in the train of the vapour of rosin oil ; hence the marked acidity 
of the latter unless the rosin oil has been well refined by redistillation 
over caustic soda lye. Kosin itself consists of a certain organic acid 
which very probably differs slightly in different samples which have 
been described by different observers as abietic, pimaric, etc., but all 
of which are referred to one single acid by Skateloff, viz. sylvic acid. 
Kosin has an average acid number of 164, so that 5 per cent, of 
rosin in an oil would increase the acid number by 8 at least. But the 
natural acidity of genuine linseed oil increases with age by the ac- 
cumulation of the fixed oxidation products of the oil. The older the 
linseed from which the oil is expressed, the greater will be the^ free 
fatty acid content of the expressed oil. Moreover, during the pressing 
01 fresh «eed, even owing to the practice of fore warming the seed, a 
slight increase in the free fatty acid content may occur. So that 
although a high acidity might indicate the presence of rosin acids, 
and hence of rosin oil or free rosin, yet it w'ould not be safe to come 
to a decided conclusion without confirmatory evidence. A portion of 
the acidity may even be due to free sulphuric acid used in refining 
^ the oil, but any appreciable proportion would point to unmitigated 
carelessness on the part of the refiner in washing, seeing he hardly 
ever uses more than about 1 per cent, of acid. The actual amount 
' of acidity due to sulphuric acid is estimated by repeatedly boiling a 
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known quantity of the oil with water until free from acidity, collect- 
ing the '^^ash waters, concentrating, and, after cooling, adding neutral 
potassium iodide and iodate and titrating the liberated iodine, if any, 
with sodium hyposulphite. The free iodine found is Calculated to 
caustic potash, KHO, and deducted from the potash required to neu- 
tralise both the sulphuric acid and the organic acids present in the 
sample. The remainder gives tife free organic acids, which consist of 
the fatty acids from linseed oil alone if the sample be pure, but if 
adulterated it may represent in addition the acidity due to the 
presence of rosin added either as such or in the form of rosin oil. 
The total free acid is determine!} as follows : From 5 to 10 grammes 
of the oil are weighed into a flask and 50 to 100 c.c. of alcohol 
added ; if methylated spirit be used it must be previously neutralised, 
as it is always acid. Heat on the water-bath, shake, cool, and 
titrate-with deci-normal alkali ; add a few drops of phenol-phthalein. 
The result is calculated to milligrammes of caustic potash, KHO, per 
gramme of oil. 

The free fatty acid may be qu^mtitatively separated as the sodium 
• salt by treating the oil w’ith excess of dry sodium bicarbonate, and 
extracting the mixture with petroleum ether. The neutralised fat is 
dissolved, and the resultant soap can be separated as fatty acid by 
hydrochloric acid. But the method is not a})plicable to linseed oil 
owing to its tendency to oxidise. 

The method of calculation may be carried out as follows : — 

Suppose 9*525 grammes of linseed oil to require 4*5 c.c. of 
deci-normal KOH. 


Then 


4*5 X •005() X 1000 
“ 9^525 


say 2*6 free acid value. 


It is sometimes desirable to report the results in terms per cent, 
of oleic acid. Such is approximately obtained by simply dividing the 
ascertained free acid value by 2, thus : — 

Let 2*6 equal free acid value. 


Then 


_~ = 1*3 per cent, oleic acid. 
2 


This method of calculation is ample for a general report. ^ • 

The acWity of linseed oil expressed as oleic acid, according to 
' Nordlinger, varies from 0*41 to 4*19. Mcllhiny gives an acid value 
of 3*0 as the usual figure, which equals oleic acid 1*51. A very old 
sample gave 7*1. Mills allows a maximum acid value of 10. It 
will be readily understood that boiled oil gives higher acid figures 
than raw oil. Weger allows as high an acidity as 12, and in very 
much thickened oils he allows 30. However, free rosin may be ^ 
introduced by fused metallic rosinates, the so-called “resinates/* 
with the accent on the c. The acid figure of boiled oil, savs- 



THE MANUFACTURE OF VARNISHES. 


Mcllhiny, is usually below 5, but it is more uncertain than the raw 
•oil. A figure above 10 is in his opinion undoubtedly dije to the 
presence of rosin, which seems rather a dogmatic dictum. The acid 
value of rosin varies from 145 to 180, and its detection is facilitated 
by its giving both a high bromine substitution figure as well as an 
addition figure. But the safest method is to estimate it quantitatively 
by one or other of the methods aSopted in soap analysis, such as 
Oladding’s or TwitcheH’s. But the process often recommended, to 
exhaust the oil with pure alcohol and then to add an alcoholic solu- 
tion of basic acetate of lead, is not reliable, as linoleate of lead formed 
from the free linoleic acid does not .dissolve in alcohol to any very 
ajipreciable extent more than the rosinate of lead. The operator is 
thus thrown back upon the character of the precipitate — always a 
very unreliable indication. 

Tlic Free Acidity of Linaecd Oil Increased on Oxidation of Lin- 
seed Oil ; the Pcrcenlaye of Oxyacids as a Measure of Oxidation ~ 
Bauer and Hazura found that the acid number of two safnples of lin- 
•seed oil, kept for four or five year| in loosely stoppered flasks, had 
increased by 8-9 and 12*1. Fahrion uses the oxyacid content as a 
measure of the extent of oxidation. In a sample of linseed oil, over 
one year old, which had not been heated in any way but kept in a glass 
vessel not quite full and often opened to take out samples, Fahrion 
found an iodine value 151, together with 6*5 per cent, of oxyacids. 
As a test this oil was heated for four hours at 110° C., when the iodine 
number sank to 13()*1, whilst the oxyacid content rose to 11 per cent. 
Thomson and Ballantyne left linseed oil in an open vessel with 
constant stirring, exposed to the air for six months. The density 
rose from 0*9325, its original oil, to 0*9331 at end of first month, to 
0*9385 at end of six months ; the iodine number sank from 173*5 to 
lfi()*2. 


T.-^BLE SHOWING MONTHLY INCREASE IN DENSITY IN OILS EX- 
POSED TO AIR IN UNCORKED BOTTLES FROM ONE MONTH TO 
SIX MONTHS, THE BOTTLES BEING SHAKEN EVERY MORNING. 
(THOMSON AND BALLANTYNE.) 


t 

(Kl. 

Density, 

eriginal. 

1. 

Densities at End 

1 

2. 3. 

qf Each Montli. 

4. , ‘5. 

6. 

Olive 

0*9168 

0*9187 

0*9193 

0*9208 

0*9215 

0-92 7 

0*9246 

Castor 

0)679 

0*9681 

0*9691 

0*9700 

0 9700 

0-9685 

0*9683 

Colza 

1 0*9168 

0*9183 

0*9172 

0*9185 

0 9184 

0*9200 

•0*9207 

Cotton-seed 

1 0*9225 

0*9237 

0*9241 

0*9261 

0*9278 

0*9304 

0*9820 

Arachis 

1 0*9.09 

0*9213 ; 

0*9221 

0*9238 

0*9239 

0-9260 

0*9267 

Linseed 

0*9326 

0*9331 

0*9336 

0*9353 

0*9369 

0*9372 

0*9385 
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TABLE SHOWING THE FREE ACID CONTENT OF VARIOUS SAMPLES 
OF LINSEED OIL. 


Authority. 

No. of 
Samples, 

Origin. 

u 

. Free Fatty 

Ad.i, Pct 
, 0«.,t 

Remarks. 

Nordliiiger 

10 

- 

— 0-41-4-19 

Technical oil. 
Average 1*67 

Haselhof . 

i 

H 

— 

— 0-07-0-27 

From pure seed 
fresh pressed. 

1 Lewkowitscli . 

1 

4 

3 Hussian, 

1 Indian 

1-3-1-8 ; - 

— 

1 Schestakoff 

11 

Russia 

— 0-513-4 -S::) 

— 

1 Tomarchio 

C 

1 Various 

— 0'H5-l-i0 

— 

1 American Committee 

; 4 

! U.S.A. 

i*i-:i*3 — 



Estimdtion of the Mixed Fatty Adda of Linseed Oil . — To calculate 
these it is not sufficient to takt; the chief inj^redients of linseed oil 
in the form of their respective trij^lycerides, formulating these as 
CaHr/CiyHjjP.^)., and These forinuhe calculated 

for both glycerides give 95‘7 per cent, for linoleic acid and 95’07 for 
linolenic acid, and the mixed fatty acid content of linseed oil must 
therefore closely approach these figures. Mulder found similar 
figures after the removal of the volatile fatty acids ; he estimated the 
fixed fatty acids thus : he saponified linseed oil by aqueous lye, de- 
composed the soap by dilute H 2 SO 4 , filtered off the fatty acids, washed 
them with water dissolved in alcohol, evaporated the solution and dried 
the residue at 100° C. (212’ F.). In a linseed oil prepared by himself 
he found 95'4 per cent., in a commercial oil, 95 per cent, of mixed 
fatty acids. The results were rather low. Mulder heated myristic 
and palmitic acids on tin plates for six hours at 80° C., and found that 
they did not change in weight, whilst linoleic and linolenic acids 
increased 12T per cent. On another occasion Mulder found that 
linoleic acid increased in weight on heating. That this increase 
cannot be neglected was shown by R. H. Tatlock of Glasgow. He 
heated the mixed fatty acids of linseed oil for varying periods at 
90° C. and found after 24, 48, 96, 120 hours an increase in weight by 
increments of 1-25, 1'23, 0*42 and 0T9. ^ 

Muldeir’s method described above was modified by Hehner. He 
dispensed with solution in alcohol, collected the fatty acids directly 
on the filter and dried. The percentage yield of fixed fatty acids 
turned the Hehner number. In the case of drying oils the Hehner 
process was but little practised, as in the draining of the fatty acids 
on the filter paper auto-oxidation w'as started. 

Fahrion prepares the mixed fatty acids of linseed oil thus : N/2» 
alcoholic potash is used for saponification. To prepare it 120 grammes 
of pure KHO are dissolved in their own height of water, and th^ 
VOL. I. . 7 
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solution made up to a litre with 96 per cent, alcohol thoroughly 
mixed by agitation, and filtered next day through glass ’. 700 I or 
asbestos, or through strong filter paper. It is advisable to ascertain 
the proportion of the very pure commercial electrolytic potash lye, 
which contains over 70 volumes per cent. KIIO, to be mixed with 
, 96 per cent, alcohol and filtered ne 2 (>i day. A less quantity of lye 
will, of course, he used. Saponification is best effected in a porcelain 
basin of 100 c.c. capacity, the outside of which is unglazed, which 
can be conveniently put on the plate of the balance scales. In 
another basin 2 to 3 grammes of linseed oil are weighed out, 10 c.c. 
of the above lye added and warmed »with constant stirring on the 
water-bath, eventually on the wire gauze, until the alcohol is com- 
pletely expelled. It is then made certain that comjdete saponifica- 
tion has taken place. The soap is completely dissolved in 50 c.c. 
warm water, and this solution transferred to a separating funnel. 
When cold, 25 c.c. petroleum ether, completely volatile, at 75° C. 
(167° F.), is first added, then 10 c.c. of 10 per cent. HCl, well 
agitated, and let stand till morning, when the acid aqueous solution 
is run off, and the petroleum ether solution brought on to a tared 
porcelain basin, which is best only half-filled. It is brought on to 
a gently boiling water-bath and the petroleum ether evaporated. 
When that is effected, the water-bath is brought to a strong boil and 
the basin left thereon for an hour. When the temperature of the 
bottom shows 90° G. it may safely be taken that the last trace of solvent 
has been evaporated. The basin is wiped with a soft towel, dried 
forthwith, and completely cooled, best on a metal under-surface, then 
weighed. Fahrion found 95 to 96 per cent, by this method, which 
is rather high, as the oxidation of the unsaturated fatty acids is in- 
complete. The Hehner value of the non-drying oils comes out high, 
hence it is to be regretted that only slight information is available 
as to the Hehner value of linseed oil. Lewkowitsch gave 95-5 as 
an average. 

After Mulder, thirty years elapsed without further progress on 
the above question. We have now to deal with so-called soluble 
driers, by which boiled oils may be made, in which the metallic 
content can be adjusted to a nicety. But, away back in 1895, Amsel 
declared that pure linseed oil dried iif 3 days, with 5 per cent. 

drier ” ‘in 24 hours, Lippert rightly charged Amsel wi^h making 
a mistake, because pure linseed oil, in drying, varied with the sur- 
rounding circumstances, and also in the case of the drier the nature 
of its metallic content intervenes. He then made two solutions of 
precipitated manganese linoleate in turpentine, one with 9*9 grammes 
to the litre, the other with 2*8 grammes manganese to the litre, mixed 
^25 c.c. linseed oil with 5 c.c. of the above solution and spread the 
boiled oil so obtained, which contained from 0*014 to 0*049 per cent, 
manganese, on tin plates. The first dried in 24 hours, -the second 
in 48 hours. Weger therefore decided that the conclusion from 
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this experiment was that within limits the more drier, the quicker 
the dry?ng. There are, however, three things which imay happen : — 

1. The drying capacity rises proportionately with the amount of 
drier. 

2. He gives a maximum capacity for each drier. 

3. On exceeding the maxinHjm the drying capacity lowers. 

Mean Molecular Weight of the Mixed Fatty Acids of Linseed Oil. 

— Linseed oil fatty acids dissolve freely in alcohol. An alcoholic 
solution of these acids can therefore be titrated with standard soda 
and the mean molecular weight calculated from the result. If x be 
the molecular weight, then 1 Iftre contains x grammes of oil ; when, 

therefore, a grammes (or at the most three) uses b c.c. x «= 

Piles of acid numbers of the mixed fatty acids are given in the special 
literature. The titration results are calculated to milligrammes of 
KHO for 1 gramme of fat. 

The following formula shows the relationship between the two ; — 

Molecular weight = . , , . 

acid number 

The molecular weight of linolenic acid is 278, that of linoleic acid 
280. The molecular weight of oleic acid is 282. Its presence in- 
creases the mean molecular weight ; again, the unsaponifiable, con- 
sisting of neutral bodies, with the solid fatty acids, palmitic 228 and 
myristic acids 256, lower the mean molecular weight. It will readily 
be seen that as the mean molecular weight of linseed oil fatty acids is 
between 275 and 280, its acid number must lie between 200 and 204. 
In practice, the acid number is greater than the mean molecular 
weight. 

Tortelli and Pergami acid No. = 194-6 ; molecular weight = 288*2 
Fahrion ,. „ =193-2; „ „ = 289*9 

Schestakoff „ — ; „ „ = 303 

As to the above figures it is to be noted that during heating of the 
linseed oil fatty acids a portion of the carboxyl groups is changed. 
Formation of acid anhydrides cannot occur ; they are formed below 
100° C. and are unstable in contact with water. The formation of 
lactones improbable, as oleic acid CigH 3402 is only converted into 
fltearo-laetone CigH 3402 by acting on it with powerful reagents, e.g. 
concentrated sulphuric acid or zinc chloride. Finally stearo-lactone 
melts at 51° C., and undergoes no change on saponification as oxy- 
fltearic acid is not present. However, neutral bodies are formed 
which lower the acid number by the saponification of the remainder 
of the original acid. The mean molecular weight is best determined^ 
as follows : The fatty acid is treated with excess of alcoholic potash 
«^nd the excess determined. A normal solution is generally used 
which can be made by diluting a strong solution of its own volum^ 
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of alcohol. About 3 grammes of fatty acid are warmed with 25 c.c. 
of the above solution; when cold, phenol phthalei'n is added and 
the solution titrated back with normal HCl. 

The strength of the alkaline solution is adjusted by a blank experi- 
ment. The difference between both tests gives the alkali consumed, 
which, converted into mgs. KHO for I'^gramme of fatty acid, gives the 
saponification number. Compared with the acid number the results 
are identical but generally higher, and the corresponding molecular 
weight of the inner half from the above data = 275 to 280. 

Tortelli and Pergami, saponification number 201*8; molecular 
weight 277*9. Fahrion saponificatibn number 202*5 ; molecular 
weight, 276*5. 

tablp: of the acid number and the mean molecular 

WEIGHT, THE SAPONIFICATION NUMBER AND THE MEAN,. 

MOLECULAR WEIGHT OF THE MIXED FATTY ACIDS OF THREH 

DIFFERENT LINSEED OILS. 



Afid No. 

SajKuiitication No, 

Sain])le 

1 _ 

-■ — 

- -- 

1 

No. 

Aoid 

Meau Molecular 

SapoiiiQcatiou 

Mean Molecular 


No. 

Weight. 

No. 

1 

Weight. ' 

I. 

201-8 

27H-0 

199-8 

280-9 ! 

II. 

194-7 

288-1 

199-8 

280-7 i 

III. 

195*2 

287*4 

199-0 

281-9 

1 : 


Lewkowitsch has apparently found in two instances higher results 
for the mean molecular weight of the acid number of the fatty acids 
than for their saponification number, which on the face of it seems 
absurd. 

With a change in weight reaction occurs which reduces the acid 
number. However, during heating of linseed oil fatty acids in the 
air, another reaction supervenes which results first in an increase in 
weight, and by very prolonged heating the weight decreases. The 
second reaction is auto-oxidation. Owing to absorption of oxygen 
frdm therair a small amount of oxyacids is formed. Finally comes 
the question of another source of error due to the carboxyl still con- 
taining weak acid groups which on neutralisation do not enter into 
the reaction only on saponification. Fahrion has shown that the 
above saponification number is too high and the corresponding mean 
molecular weight 276*5 is too small, the correct molecular weight 
being 279*7. Moreover, in the separation of linseed oil fatty acids from 
^linseed oil by treatment with alcoholic potash, the glycerine is quite 
indifferent to the alkaline lye, so that in estimating the saponification 
fiumher of linseed oil itself, it suffices to determine the number of 
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’milligrammes of KHO required to neutralise the mixed fatty acids 
from l*gramme of linseed oil. Naturally this figure is lower than 
the saponification number of linseed oil fatty acids by about 4 to 5 
per cent., as linseed oil contains only 95 to 96 per cent, of fatty acids. 

The saponification number of linseed oil may be determined quite 
‘similarly to that of the linseed*oil fatty acids, only gentle heating in 
ihis case is not used. About 3 grammes of oil are boiled with 25 c.c. 
)f about normal alcoholic potash, until the solution is completely taken 
lip and heating continued for 1 minute ; when cold the excess of alkali 
iS titrated back with normal HCl. The dissociation of the soap must 
[)e guarded against, and the alcoholic strength of the solution should 
not sink below 50 per cent. ; when during boiling the alcohol becomes 
iilute it must be strengthened by fresh alcohol. 


TABLE OF SAPONIFICATION VALUES OF MIXED FATTY ACIDS OP 
• LINSEED OIL COLLATED BY FAHUION. 


Authority. 


F. Filsmger, Cbem.-Ztg., 1894, 28 , lOOG . 

W. Thbtner, Chem.-Ztg., 1894. 28 , 1151 . 

H. Amsel, Zeitschr. f. aiigew. Chem., 1895, 8, 75 
R. Henriques, Zeitschr. f. angew. Chem., 1895, 8, 722 
J. Lewkowitsch, Chem. Rev., 1898, 5, 29 . 

Tortelli und Pergami, Chem. Rev., 1W2, 9 , 182 
J. van Itallie, Pharm Weekblad, 1903, 40 , 106 . 
Tolman u. Munson, J. Amer. Chem. Soc., 1908, 26 , ^54 
C. Niegemann, Chem.-Ztg., 1904, 28, 97 . 

Thomson und Dunlop, Analyst, 1906, 31 , 281 . 
American Committee 


Sa;)onificatiou No. 


187‘8.192‘3 
190 -192 
188 -190 
193-5.196'8 
192‘9-194-3 
189’8 

192*9-193’6 
191*7 
187 -196 
191*4-192*8 
190*4-192*2 


TABLE SHOWING THE MELTING-POINT AND SOLIDIFYING-POINT 
OF THE MIXED FATTY ACIDS FROM LINSEED OIL. 


Authority. 

Solidification-poinl 

°C. 

Melting-point 

“C. 

— » — “ 

Allen . . . • . 

. . ! 17*5 

24 

Hubl 

. 1 13*8 

17 

LewkowitBch 

. 1 19-20*6 

— 

Livache .... 

. . ; 21 0 

23*0 

De Negris and Fabris 

16-17 

20-21 

Thorner .... 

13*5 

17 

Tolman and Munson , 

* 1 ■” 

1 

19 2 

' 


The specific gravity of linseed oil fatty acids is not often deteift^ 
mined. Their melting-point being above 15° C. requires a higher, 
temperature. Their expansion coefiScient is unknown, naturally the;!*, 
correction figures for linseed oil do not apply to the fatty aioid!k,,f. 
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Becent researches have shown that the quite fresh fatty acids 
far more readily oxidised than linseed oil itself. 


Allen' 

Bearn 

Archbutt 


, 15*5 

•’W5 

, 15 - 5 , 

,100 

''loo 

^100 


= 0-9233 
= 0 - 9158 . 
= 0 - 8925 . 
= 0 - 889 . 


Thorn er 



CHAPTER Vir. 


THE TESTING OF LINSEED 0[L. 

Deter ml nation of lioahi Oil and Mineral Oil in Linseed Oil 
by Sapoiiification and their Extraction from the Solution of the 
liesnltant Soap by Ether. — Five grammes of the sample to be tested 
for the presence of mineral oil (indicated hy low specific gravity and 
•by the fluorescence of the sample), or for 
the presence of I’osin oil (indicated hy the 
high specific gravity of the sample and hy 
its fluorescence), or for the presAce of both 
these hydrocarbide oils, are saponified with 
25 c.c. of alcoholic potash, 80 grammes 
of caustic potash to the litre of alcohol in 
a capacious porcelain basin, care being 
taken to apply heat very cautiously at first, 
as the mixture froths much and is apt to 
take fire. 

A perfectly clean flat copper plate should 
be kept ready to cover the top of the porce- 
lain basin to extinguish any such fire in- 
stantly. 

When frothing has ceased a greater heat 
may be applied, but in bringing the soap to 
dryness at the end, care must be taken to 
avoid charring or overheating, which might 
distil off some of the rosin oil, etc. The 
operation may be done very well on the 
sand-bath with care. „ , 

The resultant soap is dissolved in the ^el showing separation 
basin in 5Q c.c. of boiling water and trans- of the ethereal solution 

ferred to a separating funnel of about 200 »f rosin oil from the soap 

c.c. capacity, using about 20 to 30 c.c, of linseed oil 

water for rinsing out the basin. After containing rosin oi . 
cooling 50 c.c. of ether are added, and the solution and ether 
thoroughly shaken in the funnel. The funnel and its contents are 
allowed to stand, when the ether separates out as an upper layer^ 
containing the greater portion of the rosin oil in solution. A few 
drops of alcohol hasten the separation, but the use of alcohol is an 
expedient which should be resorted to as little as possible, and as 
(103) 
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little alcohol as is absolutely necessary should be used. The soap 
solution is then run off through the stop-cock whilst the ethereal 
solution is run into a separate flask. The soap solution is then 
returned to the funnel and again agitated with ether and the process 
repeated until the soap solution cedes no more rosin oil, etc., to the 
ether. Three or four extractions as above may be necessary before 
the ether floats to the top as a colourless layer. The ethereal 
solutions are united and washed with a small amount of water to 
eliminate any dissolved soap or free alkali. The ether is distilled off 
on the water-bath and the residue dried and weighed. The soap 
solution is saturated with ether, and 'when ether is clear it may pay 
to recover it by distillation. In a works laboratory the greater part 
of the ether may he driven off by using several beakers of boiling 
wate)’ brought from the waste steam pipes, and if the laboratory 



Fig. 43.— Distillation apparatus. 

lights are all out there is no danger of explosion. Nine-tenths of 
laboratory explosions are ether explosions. (Ether vapour will 
explode or burn 12 feet away from its source, and the flame or 
explosion strike back to it.) 

Fig. 43 shows an apparatus fitted up for fractionally distilling an 
oil varnish by the aid of steam so as to carry over the unchanged turps 
in the train of the steam. The volatile portion of the oil varnish is 
thus separated from the two other ingredients forming the fixed 
portion which cannot be distilled without decomposition : these con- 
sist of (a) fused resin dissolved in (b) linseed oil, and drier, possibly 
a fused linoleate, or a fused rosinate, or a mixture of both combined 
with either lead oxide or manganese oxide, or both, 
c The Percentage of Spirits of Turpentine, and other Volatile Oils in 
Limeed Oil, etc. — Benzene and other solvents, etc., spirits of turpen- 
Ijine, coal-tar benzene and its homologues ; shale naphtha and petro- 
leum naphtha, shale spirit deodorised or otherwise, are readily detected 
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in linseed oil, whether raw or boiled, and whether they be present ii 
oomparatively small or relatively large proportions, by their char 
acteristic smells, which are accentuated by placing the dil in a tes 
tube or other vessel so as to half fill it, and then dipping the tubi 
into boiling water after having corked it up. On releasing and re 
moving the cork the characterfetic odour of the individual volatih 
■solvent present will make itself felt. Moreover, the greatly dimin 
ished flash-point will also show substances of this nature, which an 
also revealed by the low specific gravity if present in any quantity 
To estimate the volatile oil quantitatively about 300 grammes an 
heated by a bath of molten paraffin wax or by an air-bath to aboui 
130'’ C. in a flask capable of being connected with a vessel in whict 
steam is generated. It therefore has a cork fitted with an inlet tubt 
reaching nearly to the bottom of the vessel B, a thermometer insertec 
9nto the oil, and a tube for leading the steam and the vapour of spiritf 
of turpentine, etc., which it carries in its train to a Liebig’s condenser 
The distillate C collected in the receiver D will consist of two layers, ar 
upper one of spirits of tui'pentine, etc., floating on a layer of water 
The former is separated from the latter by a separating funnel, and 
weighed or measured. The layer of condensed water retains ti-acee 
of the volatile oil, but so small that it may very well be neglected, 
Mcllhiny found it to be about of 1 per cent. 

Petroleum spirit may, it is claimed, be separated from spirits ol 
turpentine by treating the mixture with fuming nitric acid. Petroleum 
spirit remains unattacked, but spirits of turpentine is converted intc 
substances which can be dissolved in water, and thus eliminated from 
the mixture, leaving a residue of more or less pure petroleum spirit, 
A measured amount of the distillate is run into 300 c.c. of fuming nitric 
acid (very slowly, drop by drop) contained in a 250 c.c. flask attached 
to a reflux condenser. As each drop of the oil falls on the fuming 
acid a very violent reaction ensues, and the flask should be immersed 
in cold water to keep it cool, and it should be agitated from time tc 
time. When the whole of the volatile oil to be treated has heer 
added the flask is let stand until all action has ceased, when its 
contents are run into a separating funnel (Fig. 42) and repeatedlj 
wash*ed with hot w^ter, which eliminates the products produced bj 
the interaction of the spirits of turpentine and the fuming nitjic acid 
fluch produfcts being soluble in water. The residual petroleum spiril 
is now measured and brought to per cent, by volume of the distillate 
and then to per cent, of the original oil. However applicable this 
method may be to petroleum naphthas consisting of pure paraflinoid 
hydrocarbides, it is on the face of it wholly inapplicable to inter alia 
shale naphtha, largely consisting of members of the ethylenic series 
of hydrocarbides, the so-called “ olefins,” all of which are readily at 
tacked by nitric acid. This is a point which seems to have been un- 
accountably overlooked by those writers who recognise and quot€ 
the above method as an efficient one for separating petroleum spiril 
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from spirits of turpentine. It is very evident their knowledge is 
mere book knowledge, and poor at that ! 

Mr. Phillips, late chemist to the Great Eastern Eailway, separated 
turps from linseed oil by distilling in an atmosphere of coal gas. But 
this method seems to the author to be open to several objections. 
There is no saying whether any, and if so what, substances might 
not be dissolved from the coal gas by turps and carried forward in 
the train of its vapour. The determination of volatile substances in 
linseed oil has been made the subject of an inquiry by the U.S. 
Bureau of Standards, and the author’s recommendation of the 
Mcllhiny process in this treatise \vas quoted by the Bureau. 

Saponljlcallon Value or Koeti.storfer Fiijure of Lmsced Oil. — This, 
is defined as the number of milligrammes of caustic potash, KHO, 
required to completely saponify 1 gramme (i.e. 1000 milligrammes) 
of linseed oil. Or, to use British units, it is the number of grains of 
caustic potash I’equired to saponify 1000 grains ; or, for that matter,, 
the number of tons of caustic potash required to saponify 1000 tons 
of oil. Divided by 10, the sapon ideation number again gives the 
number of pounds of caustic potash required to saponify 100 lb. of oil. 
It is really a very simple mattei-, but the use of foi’eign, if scientific, 
units (grammes per litre when lb. per 100 gallons has the same mean- 
ing and effect) tends to render it unintelligible to the non-scientific 
layman. 

llvaijcnU. — (1) Standard hydrochloric acid, the strength of which 
is expressed in terms of caustic potash, KHO. The semi-normal 
acid is the most suitable ; such an acid contains in every litre, that 
is, in every 1000 c.c., 18’25 grammes of anhydrous hydrochloric acid, 
HCl. The pure solution of hydrochloric acid is diluted by referring 
to the tables of density with distilled water until this strength is. 
reached ; its exact strength may be determined by estimating its 
chlorine as chloride of silver, AgCl. The solution may also be 
standardised by titration with a known weight of pure, dry, freshly 
ignited sodium carbonate, Na^jCO^, every 106 grammes of which are 
equal to 112-2 grammes of caustic potash, KHO. The hydrochloric 
acid, to be perfectly semi-normal, should be so diluted that 0-265' 
gramme of pure anhydrous sodium carbonate require 10 c.c. df the 
diluted jicid for neutralisation. The exact strength of the standard 
hydrochloric must always be known in terms of caustic potash, which, 
when exactly semi-normal, is 1 c.c. = 0-02805 KHO. 

Alcoholic Potash SoUii ion.— This need not be of a very exact pre- 
i determined strength, but should approach, as far as practicable, the 
semi-normal, so that 1 c.c. of the alcoholic potash solution neutralises 
1 c.c. of the semi-normal acid. To 1 litre of alcohol 30 to 40 grammes 
of caustic potash are added, or rather 75 c.c. of an aqueous solution 
of caustic potash of 45'’ Baum6 or 90 c.c. of 36° Baum6 are run into 
litre of alcohol, and the w-hole allowed to stand and filtered through 
a ribbed filter, or decanted after clarifying into a bottle with a straight 
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neck and corked with an india-rubber stopper, through a hole in which 
a 25 c.c. pipette passes, the end of which is closed by a piece of india- 
rubber tubing and a small clip. It is not advisable to prepare too 
much of the solution as it is not stable. The alcohol should be the 
purest obtainable (if methylated spirit be alone available it should 
be purified by redistilling it ovci^ soap). The alcohol should not be- 
come brown, the colour of rum, or cod oil in the process. A yellowish 
tint does not interfere with the titration. 

Process . — From 1*5 to 2 grammes of the filtered or otheiwise 
prepared oil are weighed exactly into a 150 to 200 c.c. flask, then 25 
c.c. of the alcoholic potash solution measured out by the pipette, in 
the stopper of the bottle, are added. It is not necessary to rigidly 
measure out 25 c.c. exactly, but precisely the same quantity must 
be taken for each experiment. After the contents of the pipette 
have drained it is better to grasp tightly the bulb of the pipette in the 
palm of the hand and “squeeze,” as it were, the remainder of the 
liquid out of the pipette ; the heat of the hand expands the aii‘ inside 
the pipette, and the top aperture being closed by the finger, the ex- 
pansion of the air causes all tin* liquid, exce])t the nierest traces, to 
be forced out of the mouth of the pipette. A similar flask, with 25 
c.c. of alcoholic potash, is used as a blank experiment, and both fitted 
with reflux condensei s are heated on the water-bath simultaneously for 
half an hour, and afterwards cooled. Two to three drops of phenol- 
phthalein are then added to each flask, and the contents titrated 
wuth the serni-normal hydrochloric acid. The difference between 
the blank flask and that containing the oil is calculated into potash ; 
or, the volumes of alkaline solution added being equal, the difference 
found is potash used up by the oil. 1 c.c. of acid = 0’02805 gramme 
of KHO, and this factor multiplied by the number of c.c. of acid con- 
sumed gives a number which, x 1000 -r by the amount of oil taken, 
gives the number of milligrammes of caustic potash consumed by 
1 gramme of oil, and this figure is generally called the Koettstorfer 
figure or saponification value. 

EQUIVALENT WEIGHTS OF CAUSTIC AND CARBONATED ALKALI. 
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The strength of commercial alkali is always expressed in per 
cent, of anhvdrous alkali, as in the second horizontal line: if the 
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•caustic potash be pure it contains 94*2 per cent,, and knowing the 
saponification value of the oil and the percentage of anhydrous potash 
in the alkdli being used, the calculation of the amount required to 
saponify any given oil or rosin whose saponification value is known 
is a simple matter. 

Analytical Examples.~{l) Where the acid and alkali are both 
•semi-normal, and (2) where neither are semi-normal. 

Example 1. — Linseed oil taken .... 1-75 grammes. 

^ Normal alcoholic potash taken . 25 c.c. 

i „ acid used in back titration 13 c.c. 


12 c.c. 


Each c c. semi-normal acid = 0*02805 gramme KHO. 

12 „ „ „ „ = 0-33660 

0-3366 gramme KHO x 1000 = 336-6 milligrammes KHO. 


336-6 

l-7“5 


192-4 milligrammes ^HO. 


It therefore took 192*4 milligrammes of caustic potash to completely 
saponify 1 gramme of the linseed oil in question. 

Example 2. — Benedikt and Ulzer give the following example : 
2*012 of oil were saponified with 25 c.c. of alcoholic potash and 9*65 
c.c. of standardised hydrochloric acid were used in back titration. 25 
c.c. of the alcoholic potash => 22*5 c.c. of the standard hydrochloric 
acid. Again 1 c.c. of the standard hydrochloric acid = 0*0301 gramme 
caustic potash, KHO. There was used in saponification of the oil, 
therefore, an amount of caustic potash equal to 22*5 - 9*65 = 12*85 
■c.c. of test acid, hence 12*85 x 0*0301 gramme x 1000 = 386*8 milli- 
grammes, -r 2*012 grammes, amount of oil taken, = 192*24 milli- 
grammes for 1 gramme of oil. The oil tested therefore had the 
saponification value of 192*24. 

The saponification value of linseed oil is higher than that of most 
•oils, but it can only be regarded as affording an indication of purity. 
Even a comparatively high saponification value is no guarantee that 
the oil is not adulterated with non-drying oils which approach it very 
closely in this respect ; neither is it a guarantee that unsaponifiable 
vsubstapees, such as hydrocarbide oils, are absent. The only way to 
■determine the absence or presence of these is to actually separate 
them out (and weigh them) by the saponification process first intro- 
duced by Thomson, and afterwards elaborated by Allen, which con- 
sists in first saponifying the oil and then extracting the hydrocarbide 
oils from the aqueous solution of the resultant soap by ether (see 
pp. 103-104). 

When the saponification number is as low as from 180 to 185, then^ 
a-d .^^c ^ with rosin oil or mineral oil is to be strongly suspected, 

■ lower than 175 their presence is certain (Weger). 

It may / demanded of a raw oil that its figure shall not be 
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lower than 187 and of a boiled oil not lower than 186 (Mcllhiny). 
The high <iemperature used in the old-fashioned process of oil-boiling 
reduced the saponification value much greater than the much lower 
temperature now used with modern processes, in which readily soluble 
driers, rosinates, and linoleates are used. The amount of metal 
introduced into the oil in the form of a metallic rosinate or linoleate 
is so small as not to produce any very appreciable effect on the saponifi- 
cation value, and some of the boiled oils now in the market have 
almost as high a saponification number as that of the raw oil. 

The Ester Number of Linseed Oil. — It is the difference between 
the acid number and the saponification number. The two former 
therefore added together give the saponification number. The 
estimation of glycerine may be dealt wdth here. One molecule of 
glycerine (molecular weight = 92) combines with 3 molecules of fatty 

ahids, so the formula ^ gives the amount of glycerine 


in 1 gramme of oil. Hence the ester value shows' the percentage of 
glycerine in linseed oil as 5*5 per 'cent. If we take 191 as the mean 
saponification number, the acid number as 3, then the mean ester 
number is 188 and the mean glycerine content as 10*4 per cent. 

Iodine and Bromine Value of Linseed Oil. — Linseed oil con- 
sists largely of unsaturated glycerides, the fatty acids of which com- 
bine by direct addition with 2, 4, or 6 atoms of bromine or iodine. 
Rosin, rosin oil, and mineral oil do so only to a slight extent, and,, 
menhaden oil excepted, no other adulterant to as great an extent as. 
linseed oil itself. Direct halogen addition is not the only action ; 
there is another in which one-half of the halogen combines with the 

011 and the other half combines with hydrogen, which the first half 
of the halogen has displaced from the oil. The halogen has formed 
a substitution compound with the oil. If the hydrogen of glycerides 
can be but very sparingly replaced by bromine or iodine, it is not so 
with rosin, rosin oil, and mineral oils. In fact though rosin andi 
rosin oil absorb large amounts of bromine they do so by substitution 
and not by direct addition, and with American petroleum oils sub- 
stitution compounds bulk largely in the absorption. 

The halogen absorption of oils is generally determined by Hubl’s 
or Wijs’ method. It*affords valuable data as to purity of any sample^ 
of linseed oi^ But it does not differentiate between absorpfion by 
(1) addition and (2) substitution. It fails to discriminate between 
rosin and linseed oil, the absorption figures of both linseed oil and 
rosin being somewhat close. 

Reagents. — (1) Iodine Solution. — Dissolve 25 grammes of pure 
iodine in 500 c.c. of 95 per cent, alcohol. Dissolve 30 grammes of 
mercuric chloride corrosive sublimate in 500 c.c. of 95 per cent, 
alcghol. The last solution, if necessary, is filtered, and then the two 
solutions mixed. The mixed solution should be allowed to stan^ 

12 hours before using. Iodine chloride is formed according to the 
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I’ollowing equation : 41 + HgClg = Hgl 2 + 2IC1. The latter cal- 
■culated to iodine absorption per cent, of the oil or fatty itcid gives 
the iodine number. (2) Decinormal Hyposulphite of Sodium Solu- 
lion. — Take 24*6 grammes of chemically pure hyposulphite of soda 
freshly pulverised as finely as possible and dried bet'ween filter or 
blotting paper. Make this up to 1000 c.c. at the temperature at 
which the titrations are to be made. (3) Starch Paste. — 1 gramme 
of starch boiled in 200 c.c. of distilled water for 10 minutes and 
cooled to room temperature. (4) Solution of Iodide of Potassium . — 
100 grammes of iodide of potassium dissolved in water and made up 
to 1 litre. (5) Solution of Bkhromave of Potassium. — Dissolve 3‘8657 
grammes of chemically pure bichromate of potassium in distilled 
water, and make the volume up to 1 litre at temperature at which 
titrations are to be made. (0) Chloroform. — This should be pure and 
should not affect titration results of iodine solution after 3 hours’ 
standing. 

Manipulation — Siandardisiny the Sodium Thiosulphate Solution. 
— Run 20 c.c. of the potassium bichromate solution to which has been 
added 10 c.c. of the solution of potassium iodide into a glass-stoppered 
flask. Add to this 5 c.c. of strong hydrochloric acid. Allow the 
solution of sodium thiosulphate to flow slowly into the flask until the 
yellow colour of the liquid has almost disappeared. Add a few drops 
of the starch paste and with constant shaking continue to add the 
•sodium thiosulphate solution until the blue colour just disappears. 
The number of cubic centimetres of thiosulphate solution used multi- 
plied by 5 is equivalent to 1 gramme of iodine. Examjde. — 20 c.c. 
K.jCr.^O- solution required 16*2 c.c. of sodium thiosulphate ; then 
llj-2 X 5 = 81, which is the number of cubic centimetres of thio- 
sulphate solution equivalent to 1 gramme of iodine. Then 1 c.c. thio 
sulphate solution = 0 0124 gramme of iodine. Theory for decinorma 
solution of sodium salt: 1 c.c. = 0-0127 gramme of iodine. A. Weighim 
the Sample. — About 0'15 to 0-18 gramme of oil is to be weighed in i 
glass-stoppered flask holding about 500 to 800 c.c. B. Ah.Horption o 
Iodine.~~The oil in the flask is dissolved in 10 c.c. of chloroform 
After complete solution 30 c.c. of the iodine-mercuric chloride solu 
tion is added from a pipette. The chloroform and iodine should give 
*ja clear solution ; if not, more of the former must be run in for that 
purpose, and 25 c.c. more iodine if the colour be discharged, as an ex- 
cess is necessary. After 2 hours the deep brown colour must still 
be persistent. The flask is now placed in a dark place and allowed to 
stand, with occasional shaking, for another 2 hours. G. Titration 
of the Unabsorbed Iodine. — 300 to 500 c.c. of distilled water is added 
to the contents of the flask, together with 20 c.c. of the potassium iodide 
solution. Any iodine which may be noticed upon the stopper of the 
flask should be w'ashed back into the flask with the potassium iodide 
solution. Any red precipitate of mercury iodide would indicate an 
.insufficiency of potassium iodide w-hich has to be remedied by adding 



THE TESTING OF LINSEED OIL. ’ 111 

Tnore. The excess of iodine is now taken up with the standardised 
■sodium thiosulphate solution, which is run in gradually through a 
'burette, with constant shaking, until the yellow colour of the solution 
Ihas almost disappeared. A few drops of starch paste are then added 
*nd the titration continued until the blue colour has entirely disap- 
peared. Towards the end of the reaction the flask should bo stoppered 
and violently shaken, so that any iodine remaining in solution in the 
chloroform may be taken up by the potassium iodide solution in the 
water. A sufticient quantity of sodium thiosulphate solution should 
be added to prevent a reappearance of any blue colour in the flii.sk 
for five minutes. D. Control Ettpcr-iments . — At the time of adding 
the iodine solution to the oil two blank flasks of the same size and 
iiiatiire as those used for the determination should be employed for 
conducting the operation described above without the presence of any 
•oil. The diirerencc between the mean of the results obtained by the 

IODINE FIGURE, OR RATE OF ABSORPTION OF IODINE PER CENT. 

OF RAW Llt^SEED OIL. 


loilinc Figure. 

Ob'^erver. 

Iodine Figure. 

OliHcrver. 

17M75 

1 Lewkowitacli. 

178-5-187-7 

Thomson & Ballantyiie. 

170-181 

j Heuedikt. 

171-179 1 

Shukoff. 

178-195 

Ulzer. 

17C-3 I 

1 Wija, by hia Iodine 

171-190 

j Holdc. 

‘201-8 1 

1 Chloride Method. 


IODINE VALUE OF FATTY ACIDS OF RAW LINSEED OIL. 


Iodine Value. 

Observer. 

Iodine Value. Observer. 

178-5 

179-182 

Williams. 

Lewkowitsch. 

1 

159-186 De Negri and Fabris. 

179-192 Holde. 


IODINE ABSORPTION PER CENT. OF VARIOUS OILS. 


Oil- 

Mini- 1 Maxi- 
mum. ! mum. 

Average. 

Oil. 

Mini- 

mum. 

Maxi- 

mum. 

Average. 

Candle-nut 

136-3 163-7 

150 

Walnut . 

143 

162 

150 

Beech-nut . 

102 i 112 

108-109 

Olive . 

79 

88 

82-83 

Cotton -seed 

102 1 111-2 

106 

Palm 

51 

52-4 

51-5 

Butter 

26 ' 35 

38 

Castor 

82 

85-9 

84-5 

Coco nut . 

8 1 9-35 

8-5 

Beef-tallow 

35-5 

44 

39 

Cod-liver . 

123 ; 166 

144-148 

Seal . 

96-5 

152-4 

128 

Earth-nut . 

87-8 103 

94-96 

Rape . 

98 

104 

100-101 

Hemp-seed 

140-5 166 

150 ' 

Sesame 

103 

112 

108-109 

Hazel-nut . 

83-2 1 86-9 

84-8 

Sunflower . 

122 

134 

128 

Bone-fat . 

46 55 

1 49 

Sperm 

81-3 

84 

82-5 

Lihseed . 

170 1 195 

! 178 

Grape-seed 

94 

99 

96-5 

Poppy-seed 

134 143-8 

138 

Whale 

f-0-9 

130 

110 


i 

1 

1 

Wood 

; 149-7 

165-7 

160 
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IODINE VALUE AND OTHER » CONSTANTS ” OF DIFFERENT BRANDS 
OF HAW LINSEED OIL. (LEWKOWITSCH.) „ 


Linsowl Oil frorii 

12 t II 

a, 

a? 

Acid No. 

Saponification i 

Value. 1 

Iodine No. ! 

Unsaponiiable i 

Matter, per Cent. i 

! 

Oxidised Acids, 
per Cent. 

Finest Calcutta linseed, two months 
old 

0*9.316 

1*3 

193*2 , 170*46 ; 0*6 

0*65 

Finest Calcutta linseed, three years 
old, kept throughout that period in 
an airtight vessel, shielded against 
light 

0*9324 

1*3 

192*5 174*03 ' 0*7 

0*70 

Finest Petrograd linseed, three 
months old 

0*9334 

1*3 

192*2 177*25 i 1*1 

0*88 

Finest Petrograd linseed, seven 
months old 

0*9845 

1*3 

193*1 ' 176*23 ' 0*98 

0*56 

Baltic linseed, commercial ; the seeds 
contained an admixture of ravison 
and camclina seeds .... 

0*9843 

1*3 

: i 

194*3 170*05 1*1 

0*73 

Finest and purest Baltic linseed ; the 
sample was kept away from light 
for thirteen years .... 

0*9410 

7*2 

195*2 175*84 1 1 

1*96 


IODINE ABSORPTION PER CENT. OF LINSEED OIL AND 
FATTY ACIDS. 


Iodine Absorption of the 
Liii-seed Oils. 

i 

Iodine Absonition of the Linseed 
Oil Fatty Acids. 

Calculated. 

Found. 

Fahrion . 

181*3 

190*4 

181*4 

Holde 

. 1 171-190 

178-200 

179-182 

Thorner . 

177-178 

181-187 

155 

Williams . 

. : 183-1.-8 

190-198 

178*5 


blank experiments and that on the oil corresponds to iodine used, 
which* is brought to per cent, of oil. This number gives^iodine figure 
of the oil. The iodine figure of boiled oil often approaches that of the 
raw oil, especially, with a rosinate or linoleate drier. 


Example 

Weighed out 155 mgs. linseed oil. 

Required for blauk experiment . . 47‘20 c.c. thiosulphate solution. 

Required for actual test . . . 23*85 c.c. ,, „ 

Therefore iodine absorbed . , . 28*35 c.c. 

Strength of thiosulphate solution = 0*01175 mg. 1. per c.c. 

^3*86 X 0 01175 X 100 
— = 177 per cent. 

lOD 


Then - 


165 
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Wijs* Modification of Determining Iodine Absorption of Oils . — 
Thirteen grammes of iodine are dissolved in 1 litre of glacial acetic 
acid on the water-hath, and, after cooling, chlorine is passed through 
the solution until its titration strength is doubled, a rather sharp 
alteration in the colour indicating the point. In conducting the 
analysis from 10 to 20 drops of tht? oil ai'e carefully weighed into a 
wide-mouthed stopi)ered bottle, pure chloroform or caibon tetra- 
chloride is added, and when oil is dissolved 25 c.c. of the Wijs’ 
solution. After standing for 15 minutes potassium iodide solution is 
further added, and the volume made up to 150 c.c. with water. It 
is then titrated with thiosulphate in the usual manner, including 
blank (!Xj)eriment. The Wijs’ method agrees somewhat closely with 
the lliihl, hut the former gives rather higher results. Harvey found 
with rape oil (Hubl’s method) 101‘G and 104*9. Cod oil seems to give 
as much as 7 or 8 per cent, higher by the Wijs’ method than by 
Hiibl’s. The advantages of the Wijs’ process are rapidity (earth-nut 
absorbs 98*9 per cent, of its full quantity in one minute), stability of 
solution, and quick and accurate I'esults. The previous table gives 
Wijs’ results with raw linseed oils of different origin. 

Wijs tried to show that the density of the oil and the iodine 
number wore correlated as shown by above table. 

McIlJiinys Bromine Ahsorption Method . — About 0*2 gramme 
of the linseed oil to be tested is placed in a glass-stoppered bottle, 10 
c.c. of carbon tetrachloride added to dissolve the oil, and then 20 c.c. 
of third normal bromine in carbon tetrachloride run in from a pipette. 
Another pipetteful is run into another similar bottle. It is convenient, 
but not absolutely necessary, that both bottles should now bo cooled by 
immersing them in cracked ice. This causes the formation of a partial 
vacuum in the bottle. The bromine need not be allowed to react with 
the oil for more than a few minutes, as the reaction between them is 
nearly instantaneous. Twenty-five c.c. of a neutral 10 per cent, solu- 
tion of potassium iodide is introduced into each bottle by slipping a 
piece of rubber tubing of suitable size over the lip of the bottle, pour- 
ing the iodine solution into the well thus formed, and shifting the 
stopper slightly so as to allow the solution to be sucked into the 
bottle, or, if the bottle has not been cooled, to cause the air as it 
^escapes from the interior to be washed by bubbling through the 
potassium iodide solution. This prevents the loss of any bromine or 
hydrobromic acid. The iodide solution introduced, the bottle is 
shaken, and set in ice for a couple of minutes more, so that there 
may be no loss when the stopper is opened, due to slight pressure 
inside the bottle. The solution reaction causes heat and pressure. 
The free iodine is now titrated with tenth-normal sodium thiosul- 
phate, using as little starch as possible as indicator. At the end of 
this titration 5 c.c. of a neutral 20 per cent, solution of potassium 
iodide and a little more starch solution are added, the iodine liberated, 
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3n account of the hydrobromic acid produced in the original action of 
bromine on the oil, and titrated with thiosulphate. From the figures 
80 obtained, the total percentage of bromine which has disappeared 
is calculated, and the percentage of bromine found as hydrobromic 


Iodine Nmiilior. 

Nnniher ol 
Siiniples. 

Density j 

>200 

1 

0-0852 

]05-l to 200 

4 

0-0880 

100-1 „ 105 

4 

O-<>820 

1S5-1 „ 100 
lHO-1 185 


: 0-0822 

1 0-0817 

<180-1 

5 

' 0 0810 


TABLE SHOWING THE GUEAT VAIUATJONS IN THE IODINE NUMBEU 
OF DIFFLUENT SAMPLES OF LINSEED ACCOUDING TO DIF- 
FERENT OBSERVERS AND AS DETERMINED BY DIFFERENT 
METHODS. 


Autliont;\ . 

Iddiiic Numbers, and 
Process Used 

Authority. 

Iodine Nmnlicrs, and 
J’rocesH Used. 

American 

Committee* 

188-0-18G-4 Hanus. 

MarcusHou . 

/ 174-8 H. or H. W. 
tl92-5 Wijs. 

P’’aiirion 

171-183 H.orH.W. 

Mastbaurn . 

178-183 H. or H. W. 

FiEiugcr 

178-4-185-8 

Niegemann . 

lf>9'4-180-5 

Gill and 


Shukoff 

171-170 

Lamb 
Holde . 

178-180 

171-180 „ 

Sgollema 

jl(;4 -0-185 
(177 -0-198-1 Wijs. 


171 190 

Thomson and 


Hunt . 

174-8 

Ballantyne 

173-5-187-7 H.orH.W. 


177-8 Wijs. 

Thompsou 

1B5-5-205-4 Wijs. 

11 

174-5 Hanus. 

and Dunlop 

Kelel and 


De Vi-ies 

183-6-204-6 ., 

(180-9 H. or H. W. 

Aulusch . 

181-187 H. or H. W. 

Wijs . 

Kitt 

174-3-175-3 

(182-2 Wijs. 


171-9-177-7 Hanus. 

,, 

177-G H. or H. W. 

yLettenmayer 

183-8-193-3 H. or H. W. 


178-1 Wijs. 

Lewkowitsch 

170-5-177-3 

I* 

182-2-201-8 Wijs. 


173-193 WijS. 

Williams 

i 

183-188 Wijs. , 


acid, called the “bromine substitution figure," is also calculated, 
while from these two the “bromine addition figure" is obtained by 
subtracting twice the bromine substitution figure from the total 
bromine absorption — 

+ Br^ = , O^Br + HBr. 

Fatty acid. Bromosubstitution product. 
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is present ' If the bromine substitution figure is normal the absence 
If an oil contains rosin, rosin oil, or mineral oil, the fact is brought 
out, and an irdication given by the figures so obtained as to which one 
of more than a very small quantity of turpentine, benzine, rosin, or 
rosin oil is assured. The process can be carried out in the time neces- 
sary for weighing and titrations, as”the standard solution, unlike the 
Hiibl solution, does not deteriorate on keeping if tightly closed, so that 
it is always ready for imiiujdiate use, and there is no waiting for some 
hours for the reagents to act upon the oil, as in the Hiibl process, the 
reaction taking place immediately. The bromine addition^ figure of 
linseed oil lies ordinarily between 100 and 110. Age lowers the 
halogen figures of linseed oil. A low “ addition figure ” may also be 
caused by rosin, losin oil, btmzine or mineral oils, which have figures 
usually below 15; by the jiresence of some other seed oil, the com- 
monest of this class being corn and cotton-seed oils, having figures ki 
the neighbourhood of 73 and (>3 resjiectively ; or by the oil, in case 
it is a boiled oil, having been boi|,ed in the old-fashioned way at a 
high temperature. If the “addition figure” is very much higher 
than liO, it will be found that the oil contains tui’pentine, as all 
othei' foreign materials added have lower figures than linseed oil. 
The “bromine substitution figure” of genuine linseed oil is about 3, 
A much higher figure would point to turpentine, rosin, or rosin oil, 
which give 1igui*es from 20 to 90 ; to the presence of some petroleum 
product, as benzine, having a figure in the neighboui’hood of 15, or a 
heavier petroleum oil, which may have as low a figure as linseed, or 
may be much higher ; or to the presence of minei'al acid in the oil, 
which may be allowed for by a separate determination of its amount 
as desci’ibed under the determinati^'^u of the “ acid figure ”. 

Both the Hiibl and the “ br' me addition figui*es ” are practically 
the same for boiled oil as now made as for raw oil. Boiled oil made 
by the old process at a high temperature distinctly lower figures on 
account of the effects of the great heat upon the oil. The amount of 
bromine equivalent to the iodine absorbed as expressed by the Hiibl 
figure has been calculated, and by dividing this result by the “ bromine 
addition figure,” a figure obtained for each oil which is intended to 
expresB,^ by the amount it exceeds 1000, the ajnount of substitution 
of iodide which has gone on in the Hiibl iodine absorption. For 
example, if the figure obtained for ; m oil by the calculation described 
is found to be T075, it indicates that the Hiibl figure is in that case 
7’5 per cent, higher than the true iodine figure, which should express' 
the iodine absorption by addition. The “bromine addition figure,'^ 
is not sensibly affected by the time the oil is allowed to remain in 
contact with bromine, but the “ bromine substitution figure ” probably 
is. The difference between five minutes’ and thirty minutes' contact, 
however, does not appear to be marked, unless the substitution figure 
is very high, as pure rosin or turpentine. 
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In car^jnng out either the Iliibl or the bromine process upon oils 
it is necessary that an excess of iodine or bromine should be used 
umounting to as much as the oil absorbs. IMany iodine figures on 
record are too low because this precaution was not attended to. More 
information is to be obtained as to the character of a sample of linseed 
■oil by determining the bromine ligures than by any other single test. 
In the case of an oil of unknown character, it would in most cases be 
advisable first to ap])ly this test to it (Mcllhiiu). 

Mcllhiny found for a raw linse('d oil the iodine value of 1S4-2 by 
Hubl’s method and a total hromme absorption of lib’l, which number 
agreed closely with that calculated fi’om the iodine number 1 1()'5. 

Mcllhiny’s method involves the use of ice for cooling purposes 
and that is a diawhack which has militated against its ado])tion. W. 
Vauhel claims to have given the method a mor<^ handy form. The 
oil is dissolved in chloroform or carbon disulphide and agitatt'd with 
an aqueous solution of jiotassiurn ])erbromate, KBrO^ and KJh-. 
Instead of thiosulphate sodium sidjihite is used to estimaU* the excess 
of bromine. If the hromate solution is not used in excess hut the 
acetic acid solution of the fat titrated direct by HCl and KJfr, a jiortion 
■of the double bond remains intact. Linseed oil gave a primary 
bromine number of 75’5 to 80 and a secondary bromine number of 
107’7, from which the iodine absorption number of ]7()‘7 is calculated. 


The Pekcent.^oe of iNHOLUimK Bkomisk Deuivativek. The 
Hexauuomide N umher. 

This determination was proposed by Hehner and Mitchell 
{“Analyst,” Dec., 1898, vol. xxiii., p. 310). It depends upon the 
fact that linseed oil, when dissolved in ether and treated with bromine, 
^ives direct bromination compounds of glycerides and bromine which 
are insoluble in the ether, while oil containing glycerides of oleic 
acid only, and even semi-drying oils like cotton-seed and corn oils, 
give soluble compounds. 1 to 2 grammes of the oil are dissolved 
in 40 c.c. ether, and acetic acid added in a closed flask, cooled to 
C., and bromine added drop by drop until the red coloration 
becomes permanent. After standing for 3 hours the iniioluble*' 
bromine denvative is filtered through asbestos, washed with 5 c.c. 
of acetic acid alcohol and ether, and dried on the water-bath until 
of constant weight. The fresh hexabromide number of linseed oil 
varies generally between 20 and 26, but higher results have been 
obtained ; — 


Hehner and Mitchell . 

‘ , Walker and Warburton 
Lewkowitsch, 1864 . 

„ 1904 . 


23*8u to 25-8 
23-1 „ 28*52 
24*17 
37*7*2 
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Hehner and Mitchell obtain the following percentages ofiinsoluoie 
bromine compounds from different oils: — 


Linseod oil . 


Per Cent. 

. 23-80 to 25-8 

Poppy oil 


0-0 

Corn oil 


0-0 

Cotton-Kced oil . 


0-0 

Olive oil 


0-0 

Almond oil . 


0-0 

liape-Koed oj 1 


0-(J 

Whale oil . 


25-0 

Cod oil 


34-5 

Cod-liver oil 


42-‘) 

Shark oil . 


22-0 


The process, which seems to be a valuable one, detecting adiiltera- 
dons of linseed oil witli othei* seed oils, has been satisfactorily reported 
3n by McTlhiny. Two samples of raw linseed, six samples of boiled 
linseed, two of corn, and one of cotton-seed oil, tested by him, gave 
results agreeing substantially with those of Hehuei’ and Mitchell. 
Two samples of mineral oil, one light and one heavy, one sample 
of rosin oil, and one sample of tmi^entine failed to give any pi’ecipi- 
tate of insoluble bromine derivatives. 


Maumen^’H Thermal Test. — 1. The sulphuric acid to be used in this- 
BX])eiiment should be pure, of specific gravity 1-845, and should be 
kept in a well-stoppered and cai)ped bottle. The stopper should not 
be left out a moment longer than that requii-ed to extract the neces- 
sary quantity. Have the acid in a bottle G inches high,, with a 
thermometer inside. 

2. Counterbalance a glass tube, on foot, standing heat (about 

inches in diameter and 7 ounces capacity), and weigh in accu- 
rately 50 grammes of the oil. 

3. Immerse both the sulphuric acid and the tube containing the 
oil in water contained in a tin vessel 5 inches deep, 2 quarts capacity, 
and apply heat. As soon as both the acid and the oil are at a tem- 
perature of 20“ C., draw out 10 c.c. of the acid with a pipette and let 
it flow gradually at the rate of 1 c.c. evei-y 5 seconds into the oil, 
without touching the sides, stirring very energetically all the time 
with the thermometer. After all the acid is in continue to stir 
exactly for half a minute, then move the thermometer iliore slowly, 
noting the exact degree at which it ceases to rise. 

A pure sample of oil should be tested in the same manner pre- 
cisely, immediately before the suspected article. No two persons, 
unless actually working side by side, will ever get absolutely identical 
figures, and rarely then. So delicate is the rise of temperature that 
the same operator must needs be careful to obtain constant figures On 
repeating the experiment on the same oil. It is customary to record 
results expressing the nett rise of temperature thus: Let total 
temperature rise be 130® C., initial temperature 20® C. Then 130® C. 
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- 20° C.,= 110° C., which would be about the Maumen4 number for 
genuine raw linseed oil. 

In the case of linseed oil and fish oils the reaction ih energetic, 
abundant fumes being given off, whilst the mixture assumes a gluey 
consistence ; thorough mixing of the acid and oil is a matter of great 
difficulty. Moreover, it is not ai all easy to obtain satisfactory read- 
ings of the thermometer, the more so as the latter has to be used to 
stir the oil. It is therefore advisable to mix linseed, etc., oils in 
known proportion with an oil on which sulphuric acid has no great 
action, such as petroleum lubricating oils. 

Knowing the heat given out l)y mixing the mineral oil alone with 
sulphuric acid, it is easy to calculate how far its admixture with 
linseed oil has affected th(^ latter. 

j MAUMEN>VS TEST, RESULTS WITH TYPT(\AL OILS. 


Oil. 

Vlivunu'Uf. 

. Baynes. 

Archhutt. 

Allen. 

De Nefpri 
and Fabris, 

Linseed 

10:i 

101-124 

_ 

104-111 

122-126 

Hemp-seed . 


— 

— 

— 

95-99 

Walnut 

101 

— 

— 

— 

96 

Poppv-.soed . 

74 

— 


— 

87-H8>5 

Niger-seod . 

— 

H2 


HI 

— 

Sunflower . 

— 

— 



72-75 

Soja-bean . 

— 

— 

1 — 

— 

117 

Cotton-seed (crmlel . i 

— 

S4 

! 70 

67-69 

— 

,, (refined) 

— 

77 1 

I 75-76 

74-75 

— 

Olivo .... 

42 

40 

1 41-45 

41-43 

32-37 

Dolphin 


— 

' 42 

41-47 

— 

Menhaden . 

— 

— 

! 123-128 

126 

— 

Cod liver 

]02-10:-l 

116 

i — 

113 

— 

Whale (Arctic) . 

— 

— 

— 

91 

... 

,, (Antarctic ) 

— 

— 

92 

— 

— 

Seal .... 


! 

! i 

i 92 

1 



Sjiecific Temperature Reaction (Thomson and'Ballantyne). — The 
rise of temperature obtained by mixing 50 grammes of oil with 10 c.c. 
of sulphuric acid, divided by the rise of temperature produced by 
mixing 50 grammes, of water with 10 c.c. of the same sulphuric acid, 
in the same vessel and under identical conditions, gives a quotient 
termed the ‘specific temperature reaction. 


Origin of Oil. 

Authority. 

Specific 

Tem- 

perature 

Reaction. 

Origin of Oil. 

Autlioiity. 

Specific 

Tem- 

perature 

Reaction. 

Baltic . 

Thomson and 
Ballantyne 

849 

River Plate . 

Thomson and 
Ballantyne 

820 

East Indian . 


320 


Jenkins 

313 , 

% 
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Thermal Values of Fats and Oils. — The Maumen6 est, i.e. the 
heat generated by acting upon oils with strong sulphuric acid. 
Marsden arid Dover describe the apparatus used by them and give 
the heat of dilution of the sulphuric acid employed by them and the 
method of standardising the a])paratus, which is essentially a Dewar's 
tube used as a calorimeter. The rise^ in temperature for various oils 
are given in a table calculated in calories per gramme of oil, using 
acid containing 95*10 per cent, of Ii.jS 04 . The effect of different 
strengths of su]})huric acid was also investigated, and a table of the 
specific beats of oils, fats, and waxes is also given. 

Klaifiin Test. — This is a very sim})le test foi* diffei’entiating be- 
tween drying and non-drying oils, requiring no costly apparatus when 
applied according to Poutet’s oi’iginal instructions. The pi'oper way 
to apply the test is as follows: A. Apparatus required — (1) Supply 
of 2-ounce conical test glasses on feet. (2) A swan -neck minim 
measure. (3) Mercury { lb. in narrow-mouthed stoppered bottle. 

(4) Glass rods rounded at one end^ and dubbed out at the other. 

(5) Glass flask, 30 ounces. B. Preparation of the test solution — 
Weigh out in any suitable glass vessel, such as a small beaker, 
60 grammes of metallic mercury, run it into the capacious flask ; 
place the latter in a vessel of water in a stink-closet, or in a good 
draught ; then add carefully and gradually, a little at a time, 75 
grammes of nitric acid, specific gravity 1*37 (74” Twaddell). Keep 
the flask well immersed in the water to condense the fumes, which 
are partially retained by the solution and constitute its acting prin- 
ciple. Transfer to a well -stoppered bottle, and label it olive oil test 
with date, as it does not keep so very long. 

C. Harrison (Department Oil Colours, the Borough Polytechnic 
Institute) obtains excellent results by adding mercury and nitric acid 
direct to a well-fitting stoppered bottle. After addition of the 
materials the stopper is tightly fixed, quickly tied over, and immersed 
with occasional shaking in ice-cold water until reaction has ceased, 
when the solution is ready for use. Working this way a character- 
istic green solution is obtained, and if kept closely stoppered will be 
preseiwed for upwards of two years or more. 

Proem.— Pour into a l-ounce conical test glass on foot 10 minims 
cf the above solution. From a separate minim measure run in 100 
minims of oil on to the top of the mercurj^ solution. Thoroughly 
incorporate the mercury solution and the oil by stirring continuously 
with a small glass rod, dubbed out at the end by having been heated 
till viscous in a bunsen or blowpipe flame, and then pressing it 
against a slab of slate, stone, etc. Bepeat the test on a known 
sample of pure olive oil, and with olive oil adulterated, respectively, 
with 6 per cent., 10 per cent., 16 per cent., 20 per cent., 25 per cent., 
and so on with any drying oil. The test is best performed at five o’clock 
at night, and the set of samples set aside with their respective rods 
resting in the test glasses on feet until next morning at nine. Treated 
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Olive oilgives a canary-coloured hard mass which can he 
■completely out of the test glass hy the glass 

and while still adhering thereto if it ki struck against ^ 

it emits a metallic resonant sound or musical note, ^ost wiiters 
refer only to the time which oils take to solidify under the action 
of this reagent. The author prefers, as the result of 
preience in the testing of olive oil, lo take the ultimate 
Llour after a reasonahle time, sa>, 5 p.in. to 0 a m as the andaid 
to go hv; and the results have never been called iii “ 

rvoL be well if innovating analvsls would test the original piocess 
thoroughly before modifying it for the mere sake o the '“"'n o? 
of adding one more useless modilicatioii to nvnneroiis others. 1 outt t s 
process was perfect before he enunciated it. The iimovatoi s hav 
■Lly brought an excellent method into disrepute. They hav;ti never 
laken the tiouble to test the original method hut have acted mitk 
utterly unsound principle that because a method is an old m th d 
its results must be false, and their ovyi methods with ^ " 

■ novelty are perforce the only true ones ; but therein lies degeneration. 



CHAPTER VIII. 


THE PHYSICAL PROPERTIES OF LINSEED OIL. 

Thk Dktection of Adulteration in Linseed and other Drying 
Oils hy Organoleptic and Physical Methods. 

A. Organoleptic properties of linseed oil, (1) smell, (2) taste, (3j 
colour. 

1. Afiaemm] the Value of a Samjyle of Haw and Boiled Linseed 
Oil by Smell . — So characteristic is the smell of raw linseed oil thal 
it is almost impossible to add any oil to linseed oil which has got 
a pronounced odour without that odour being almost as pronounced 
in the raw oil to which it is added as it is in the original adulterant, 
Rosin oil and fish oils make themselves felt in linseed oil by theii 
characteristic and powerful odours. The trade is told that linseed oil 
itself develops a fish oil smell as it oxidises. But it may safely be 
said it does not do so under normal conditions. Under abnormal 
conditions it may develop a sort of putrefactive fermentation as when 
scrim is stored in badly corked bottles. Scrim is an unfinished re- 
action, and no one in his senses would apply an unfinished product tc 
perform by itself alone the functions of a finished product. He would 
be a still more foolish person that would make any deductions what- 
ever from this unfinished unstable product and apply them tc 
thoroughly dried paint films. What have thoroughly dried paini 
films to do with half-dried oil skins? There is no analogy betweer 
scrim and the linoxyn of a real dry paint film. Fish oil is perhaps nol 
so readily revealed by its smell in boiled oil, but it manifests itsel 
even then when energetically rubbed between the palms of the hands 
<18 if one were making a lather, and then applied to the nostrils 
The characteristic smell of burning rosin is developed \»hen the oi 
is burned, if it should contain either rosin or rosin oil. The smell oi 
the pure genuine oil is very characteristic, especially when newl] 
pressed ; it then has a bland, mucilaginous, appetising odour, formi 
the very best and most palatable and most wholesome of edible oils 
but this odour gives place as the oil ages to a somewhat rank, but noi 
unpleasant, though still characteristic smell. The newly pressed oi 
should not give off the smell of cooked turnips which have been over 
, heated in the operation. That is a sign that the oil has beei 
made from seed containing rape, or other cruciferous oils, and that i 
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has beeij extracted at too great a steam heat. The nose is a vei^ 
useful factor in the testing of oils, and no opportunity should be lost 
in training and exercising it in its duties in this respect. But one 
must not be led away even by a smell into the fields of imagination ; 
one must not imagine himself in Dante’s Inferno ever}' time one 
smells sulphur. None the less the man who handles linseed oil or 
paint should know the smell of crude gasolene when present in an 
oil-can or in an anti-foiilmg composition or other quick-drying paint. 
But motor-cars have popularised gasolene. The stench of the former 
article was its danger signal. 

An abnormal uncommon smell in linseed oil isgeiuirally due to fish 
oil and rosin oil, etc,, also to some volatile oil or another. When 
watei' is distilled over linseed oil, or when linseed oil is treated with 
a current of steam, it should yield no other distillate tluin condensed 
Vater ; a volatile distillate would point to spirits of turpentine or 
petroleum spirit. 

2. Task. — The taste of linseed oil is also as characteristic as its 
smell ; when new it is bland and pleasant ; old oil is slightly acrid. 
Bish oils can hardly he detecU'd in linseed oil by their taste unless 
present in largo proportion but the most minute trace of rosin oil 
can most easily he detected. When a linseed oil containing rosin oil 
first impinges on the palate nothing very much amiss is discovered 
at first, and the operator thinks, as far as taste is concerned, the oil 
is all right, and perhaps if uninitiated goes away satisfied to perform 
some other test on the oil, hut by-aud-hy a hitter, biting, aci’id^ 
.flausoous taste makes itself felt on the hack part of the palate, which, 
in pronounced cases, makes one shudder and expectorate to get quit 
of it. But it remains persistent for some considerable time. There' 
is no necessity to recall the taste of rosin oil, one remembers it alt 
one’s life. 

3. Assmimj the Commercial Quality of any (.riven Samjde of Haw 
Linseed Oil by its Colour. — The colour of rav) linseed oi/is usually, 
a brownish-yellow, while refined linseed oils are almost colourless. 
Baltic linseed oil is a dark olive-green in hulk and not at all a pleasant- 
looking liquid. A blue or green fluorescence exhibited when the oil 
is looked at on a black background with the back to the light is a sure 
sign of adulteration with either mineral or rosin oil. This blopm may 
be somewhat removed from the rosin oil by the addition of -J lb. to 
1 lb. of di-nitro-naphthalin to every 10 gallons of rosin oil, but the 
method is too costly ; besides the fluorescence has a tendency to 
return. Moreover, the nitro-naphthalin renders the oil acid, and, 
besides, it throws the rosin or mineral oil several shades back in 
darkness of colour. Again, the nitro-naphthalin leaves a residuum 
or organic nucleus in the oil w^hich readily lends itself to detectio: 
(sefe vol. iii.). 

'\ Assessing the Quality of any Given Sample of Boiled Linseed 
\> y its Colour. — This may vary from the pale colour of the raw oil itsel 
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when soluble driers are used, e.g. manganese liiioleate aided by 
blowing the oil, to port wine or even porter colour, the latter colour 
being characteristic of oils from which the oxide drier has not had 
time to settle out. Fluorescence or bloom should be carefully 
looked for by spotting a dioj) of the oil on black paper, or on 
the black cover of a note-book, and turning the back to the light, 
lowtu’ing th(‘ pa})er to the knees, and gradually raising and lowering 
it at sevei'al inclinations. If any rosin oil oi‘ mineral oil be present 
it generally shows itself by the bloom manifested under these cir- 
cumstances. But the bloom is not so readily seen in boiled as in 
raw oil, especially when the rosin oil has been 
l)oiled along with the linseed. When the 
rosin oil is boiled along with the linseed, so 
long as not more than 2 0 ]‘ 3 ])e]' cent, of 
rosin oil is used, the practice is not quite so 
had as at first sight might appear ; the acid- 
ity of th(‘ rosin oil is cori-ected by the litharge, 
and the rosin acids are converted into rosinate 
of lead, and thus assist in stimulating the dry- 
ing propensities of -the oil, and the profit on 
this small addition pays for the cost of boiling. 
The painter does not care to pay much higher 
for his boiled than he does for his raw oil, and 
to this extent he shows himself unreasonable. 
When the oil is full of flaky matter, and even 
after filtration continues to deposit foots, it 
points to common cotton-seed oil having been 
boiled with the oil. Its stearine separates out 
ad infinitum. 

The Natural Fluorescence of Print imj Ink 
Vehicles. — Burnt oil made from pure raw 
linseed oil must not be mistaken for the ad- 
Fia. 44.— Thennohydro- yentitious fluorescence due to rosin or mineral 

metors for oil. ^ pyroligneous product 

produced\ during the burning of the oil. The colour of linseed oil 
from a bleaching point of view is dealt with elsewhere. 

^ Physical Properties of Linseed Oil. — (1) Specific gravity ; (2) vis- 
cosity ; (3) index of refraction ; (4) optical deviation of light polari- 
metry ; (5) m.p. of oil ; (6) m.p. of fatty acids ; (7) solidification- 
point of oil ; (8) solidification-point of fatty acids. 

Specific Gravity. — The specific gravity of linseed oil at any given 
temperature is its weight compared with the weight of an equal bulk of 
water at the same temperature taken as unity. Sometimes, however, 
the density at 100“ C. (212“ F.) is referred to water at 15“ C., or 60“ F. 
(15-5“ C.), and so on. The reason of this is that the specific gravity 
>bottle which is used to take the density of the oil is graduated at, say/ | 
60“ F. Moreover, the difficulties in graduating a specific gravity bottle 'i 
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[ 212 ° F. are sufficiently obvious. The specific gravity bottle may be > 
!iad graduated to hold 1000 grains at 60“ F. or 50 grammes or 100 
grammes. When the bottle and stopper are tared in the case of the 
1000 grains bottle, the number of grains added to restore equilibrium 
gives directly the specific gravity of the oil, but in the case of the 50 
grammes or 100 grammes the tact weight added to restore equili- 
brium has to be multiplied by 20 or by iO respectively. For all 
practical purposes the density of linseed is taken with sufficient 
accuracy by the hydrometer. The most useful hydrometer for 
linseed oil testing is graduated from *900 to ‘950. The oil refiner and 
boiler could not invest in two more serviceable insti uments. Life is 
too short for taking the spt^cific gravity of linseed oil l)y sped lie 
gravity bottles or Westphal balances. It is only wanted to the third 
decimal point, and that is given correctly l)y any accurate, hydro- 
meter. It will be seen that no two observers agree in regard to the 
gravity of hnseod oil at any given temperatures Fossibly some of 
these variations are due to experimental errors, hut as a matt(‘r of 
fact it would he very difficult to get two samples of oils repi'esenting 
different hulks to coincide exactly in density, and not only in density, 


TABLE OF FOUMUL.E FOR CONVKHTINO DEGREP^S OR INDICA- 
TIONS OP VARIOUS HYDROMETERS INTO ACTUAL GRAVITY. 
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but in other particulars, and it may be advisable to discuss herOo 
once for all, the reasons for this continual variation. The density 
of linseed oil, like all its other so-called chemical and physical “ con- 
stants ” (.s'ic), varies (1) with the {^eneral purity and with the pedigree ; 
of the seed from which the plant which produced it sprung ; (2) with[ 
the soil on which the plant producing the seed (which when ci ushcdi 
yielded the oil) grew; (3) with the climate in which that soil was 
located; (4) with the manure applied to the crop; (5) with the 
time of sowing; (fi) with the previous rotation of crops; (7) with 
the season wludher wet or dry ; (8) with the after cultivation ; (9) 
with the time of harvesting, i.e. whether the seed w'as allowed to 
ripen too little or too much, i.e. whether or not the exact moment 
was seized for harvesting the crop, when the oil in the seed was in 
that state of maturity in which, after rational harvesting of th(i flax, 
threshing and storage, and winnowing of the seed and expression 
therefrom of the oil, the lattei- excels in all those good (jiialities for 
which linseed oil is so justly and so liighly esteemed. Examjiles of 
influ('nc(‘s which alfect the linseed crop adversely need not be 
multiplic'd. Independently therefore of impure seed and adultera- 
tion of the oil, whethei' by intentionally crushing it with a greater 
or less amount of seed which is not linseed, or after expression by 
the addition of an oil pi’eviously expressed from seed which is 
not linseed, or by the addition of marine animal oils (fish oil, whale 
oil, ('tc.), mineral oils or rosin oil, the density of genuine linseed 
oil, like every other so-called chemical and physical constant, varies 
within rather wide limits. It is a very difficult matter indeed to 
convince the uninitiated that the properties of genuine linseed oil 
are not like the law of the Medes and Persians, “ which altereth 
not ”. But having gone into the reasons wdiy raw linseed oil varies 
in composition and properties, it will only be necessary to refer 
to the matter again when it is especially important to do so. Pre- 
suming, however, that we are dealing with a genuine oil, the density 
should never go below 0'931 nor above 0’934 in the case of raw 
linseed oil. Books and trade journals give higher densities, but the 
normal oil is not to be met wdth on the market with a higher density 
than 0'934; even 0’933 is rare. The linseed-oil consumer is to a 
great ejftent indebted to the farmer for the purity of the oil supplied 
to him. The crusher must needs sell his oilcake, and as, e.g. rape- 
seed can be detected under the microscope and also by chemical 
means in the linseed cake, the crusher cannot very well crush a 
^rtain amount of non-drying oil with his linseed should it yield an 
•oil of very high gravity. He can, of course, sophisticate it after- 
wards, but some crushers innocently imagine that if they crush the two 
•seeds together, and thus treat the oil exactly alike, the fraud will 
escape detection. So it may if the linseed oil from that particular 
^tch of seed be of itself of high gravity and yield high tests generally, 
^he rape-seed oil crusher has mountains of unsaleable rape which he 
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Duld if he could sell in the form of linseed cake. But then the 
usher -vfould be in hot water with the farmers and the agricultural 
icieties to which they belong ; his oilcake would get a had name, and 
the end the crusher would only prove once more that honesty is 
e best policy. The farmer is the paint-grinder and varnish-maker’s 
ist friend. His chemical and microscopical control of the linseed 
ilcake market is ])erfection. This control has long reacted on the 
urity of linseed oil without the users (‘ver giving it a thought. 

OiU of Similar (rrax'itij to Lhiaevd 0/7.— The only oils approach- 
ig linseed oil in gravity are Hallemantia oil and certain fish or 
larine animal oils, which can h^ detected by methods given in the 
i^quel. The specific gravity of wood oil is much higher than linseed 
oil, viz. 0-940. 

Oih of Different (rrariiif to Linseed Oil. — All other vegetable 
A-ying and non-drying oils are s])ecifically lighter than linseed oil, 
with the exception of wood oil, castor oil, croton oil, rosin oil, the 
hydrocarhide oil produced by the destructive distillation of rosin. 
When linseed oil is dear there might he a tendency to adulterate it 
with lower grade castor oil. The greater density, unless manijudated 
to meet the case by the addition, say, of rape oil, would at once in- 
dicate the sophistication, but here comes in the had effect of the high 
maximum densities given in hooks. Supposing 10 per cent, by 
volume of castor oil 0*900 gravity were added to a linseed oil of 
0-931 gravity, 

We get 0 X O-ySl = 8-37J) 

„ „ 1 X 0-900 = -900 

1 0)9-.SH9 
0-9839 


Now, as far as specific gravity is concerned, no one can go into a court 
of law — in face of the traditionary matter in regard to the specific 
gravity of linseed oil given in books — and swear that the above sample 
-'lOt genuine linseed oil. But happily every particle of the castor 
lean be separated by alcohol and weighed. So the sophisticator 
Pj J to bear in mind that his oil must not satisfy one test alone ; it 
ast satisfy at least a score of tests. Kosin oil can be separated out 
\m linseed oil almost as easily as castor oil ; when the soft soap, , 
lade from c. linseed oil containing rosin oil, is dissolved in'* water 
and shaken up with ether, the latter extracts all the rosin oil and 
floats to the top of the soap solution from which it is decanted, the 
ether distilled and the rosin oil weighed as already described 
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SPECIFIC GRAVITY OF RAW LINSEED OIL FROM VARIOUS SOURC^ 


[ 2 . Do No(?ris luid 
Fabi'is 
M. Filsin^or 


4. Gill and Jjainl) ' ,, 
4a. lIonn<nios .1 ,, 

5. Iloldo . . : L>() 

6. Jji'wkowiLsoh | l.'i-.’i , 


7. Mollliiii\ 

H. Niof^oinaiin 


10. Sclioihler . 15 

11. Sliukoff .1 — 

12. Souoliore . ! — 

18. Stillwoll .1 18 

14. Thayseii . | — 

16. Thomsiin and { 
Ballautyiie . I 1.5 
1 G. 'L\)inarc‘liia .! — 


17. Ut/ 

18. U.S.A. 


0-51.32-0-9.87 

0-HH09 


GcniiaiiN 

0*9;12‘) India 

o-UHi-i.-im U.S.A. 

0-9M15-0-'.»H7 — 

()-9275-()*1).‘15 
0-9:nr>-0-9-^45 
0'931G Ccilcul,l,a 

Fotrogi'iul 
Baltic 

0-9.8.1.S Provinois 

0-9:n-()-!)87 U.S.A. 
0-!)J!K)-0-98:>:, Russia 
()M290-0-98:{() I,a J>Inta 
(KklO'i India 

t)-98.» — 

()-9;K) _ 

0-921 — 

(KSHl _ 

0-.1.147 — 

0*985.0-98() — 

0-9 125 — 

0-9299 ! - 

0-9411 ; — 

0-9300-0-98 10 — 

0-9816-0-9845 — 

0-9820 , Itah 

0-9858 Bombay 

0-9825 Morocco 

0-.18r»0 Marmora 

0-9 180 ]ja Plata 

0-9872 Russia 

0-9297-0-987 — 

0-9829-0-9345 U.S.A. 


I Foj- oil boiling 
Kiiglisli ( riisliGf 


— "e- 

Gcrman crusl^iy 

V 


1 Add O’ subtract 0-004 for every lO'" F. above or below 60° P 
“ Water at 15-5° C. = 1. ’ ' ' 

Density of fatty acids of linseed oil— 
at 15-5° C. = 0-9233 (Allen), 
at 99° C. (water at 15° C. = 1) = 0-8612 (Allen), 
at 100° C. (water at 100° C. = 1) = 0-8925 (Archbutt). 


The accompanying graph (see opposite page), due to Laurent, does 
away with all calculation and immediately gives the density of an oil 
at any temperature. 
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Explanation . — The following explains the principle of this table 
which anyone may construct for himself on the same lines : To the 
left are the densities. On the top and horizontally are the tempera- 
^ between 10'* and 30® C. (50® to 80® F.) ; the oblique lines 

, ‘ the names of certain oils are expansion lines ; the transversal 



Fig. 45.— Graphical representation, after Laurent, of the alteration in gravity 
which oils undergo under the action of heat (expansion), lower gravity, 
and cold (contraction). The top horizontal {figures are degrees centi- 
grade. TJhe vertical figures are specific gravities at the temperature at 
which the horizontal line corresponding to the gravity cuts the diagonal 
line. 


line MN is the line corresponding to the weight of the flask full of 
oil which is determined thus. In the example given above the density 
of 0*9205 has been found ; this density is sought for to the left of 
the graph which lies between 0'920 and 0*921. The dotted line AB 
is followed, and at the point B the weight of the flagon full of oil is 
133*46. But so as to make each decigramme correspond to a vertical 
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line, it is convenient to write 133*40 instead of 133*46, and alongside 
A the point C is marked corresponding to the fraction 0*46, as the 
point through which the line MN must pass. Thus there is inscribed 
to the left of 133‘4, 133*5, 133*6, etc., to the last vertical line, and to 
the left, 133*3, 133*2, all to the first vertical line. Two other points 
of passage are determined corresponding to two densities, one of 
which is lower than 0*9205, as 0*910, and the other higher, as 0*930 ; 
for example, by calculating what are the weights of the flask full 
of oil corresponding to these densities, the density 0*910 being the 
quotient and the weight of water at 4*1® C. - 70*65 the divisor ; these 
two numbers are multiplied the one by the other, and we get the 
dividend 64*29, the net weight of the oil to which, when the tare of 
the flask, 68*43, is added, we get the weight of the flask full of oil 
= 132*72. Starting from this weight inscribed at the bottom of the 
table and ascending to the density 0*910, the point is marked. 
Operating in the same way for the density 0*930 the point E is 
marked. The line MN is then drawn through the points C, D, E. 
This graph being so constructed, suppose the gross weight of the 
flask full of the oil to be tested is 133*20 at a temperature of 24" G. 
without any other calculation, we have only to find this weight in- 
scribed at the bottom of the table, ascend the corresponding vertical 
line until it meets the line MN, then follow the horizontal line until 
it meets the vertical line corresponding to the temperature of 24", 
that is on the line for cotton-seed oil and sesame oil, the density 
which is 0*917, is read off to the left. If it be desired to bring this 
density to 15° C., the expansion line marked Sesame is followed to 
the vertical line corresponding to 15" C., the density is read off to 
the left as 0*923. That density is expressed with reference to water 
at + 4*1". It suffices to multiply by the factor 1,000,841 to express 
the density with reference to water at 15" C. 

Determination of the Specific Gravity by Sprengel’s Tube . — When 
the specific gravity has to be determined in a very precise manner, 
specific gravity bottle and picnometers are used, particularly Spren- 
gel’s tube. Sprengel’s tube is a U tube, the two vertical branches of 
which are united underneath by a narrow curved tube, and termin- 
ated in the upper part by two narrow tubes bent to a right angle, 
the ends of which are closed by two glass stoppers. Their diameter 
is unequal ; that carrying the mark is about twice as wide as the 
other one which is about 0*25 mm. in diameter. It is suspended 
from the beam of a sensitive balance by a wire, preferably platinum, 
so as to determine its weight before and after filling. The tube is 
fill ‘d by immersing the tube carrying the mark in the oil and aspir- 
ating from the other side. Through a bulb tube, the volume of the 
bulb being greater than the Sprengel tube into which the air is 
aspirated by an india-rubber tube, which is closed with the finger 
as soon as the aspiration is started in this way, the aspiration is 
continued until the oil arrives in this bulb. The Sprengel tube is then 
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separated from the bulb and left until in equilibrium with the exterior 
temperature, which is determined by the liquid neither expanding 
nor dilating in the widest tube. The oil is brought to the mark 
either by removing with filter paper the liquid in excess or in touch- 
ing the capillary tube wfith a glass rod impregnated with the oil to be 
tested. The tube is closed with the glass stoppers and weighed. 
By bringing to a vacuum the weight found, the result gives exactly 
the specific gravity to the fourth decimal place. Generally the 
weight of the volume of oil is compared with that of the same volume 
of water at the same temperature, and in continental countries that 
is 15^ C. (59^ F.). British speci^c gravity bottles are graduated at 

60° F. Such gravities are expressed as and 

lo'o ii. bU r. 

When it is necessary to determine the specific gravity of solid 



Fig. 46. — Sprengel’s tubes. 


fatty bodies, e.g. the mixed fatty acids of the drying oils, they are 
first melted so as to enable them to be drawn into the Sprengel tube ; 
the latter is then immersed in a flask containing water, so that its 
horizontal branches lie in two nitches in the neck. It is covered 
with a watch glass and boiled in water. It is necessary to obtain a 
fixed temperature to leave the tube some 10 minutes in this atmos- 
phere of steam. The tube is filled with oil to the mark under the 
above condifions and is confirmed by continuing the sojourn of the oil 
in the steam whilst making sure that the level does not vary. 

Let P = weight of empty tube. 

„ its weight filled with water at 16° C. in the case of oils 

and 100° C. in the case of fats. 

„ TT «= its weight full of oil. 

^The density is given by the formula . 

Solidification-point . — The temperature at which linseed oil • 
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concretes into a solid fat is a useful indication. But, unfortunately^ 
the figures of authorities differ here as in every other physical or 
chemical “ constant It is greatly to be feared that many of the 
determinations have not been made upon pure samples of linseed oil. 
It serves no good purpose to make elaborate preparations and pre- 
cautions to secure accurate results .with the samples tested if they 
be impure or even contain a notable proportion of tatty acid. Be- 
fore taking the solidfying-point intended to form a standard for 
future reference and comparison, the oil in question should be pure 
and the fatty acids eliminated by treatment with alcohol, and all 



Fig. 47. — Apparatus for determining solidfying-point of linseed oil by use of 
a freezing mixture, 

trace of the latter got rid of by gentle heating, avoiding oxidation. 
.Linseed, walnut, and hemp-seed oils would appoar to have much the 
same freezing-point, viz., - 27“ C. (- 17° F.), whereas cotton-seed 
oil has a freezing-point, viz. - 2° C. (32° - 3’C = 28*4° F.), very 
nearly that of water. But it must not be taken for granted that the 
freezing-points of mixtures of two or more oils can be calculated 
from the freezing-points of their ingredient oils. This would be a 
great mistake, and there is abundant evidence to show that mixtures 
of oils behave in this respect as abnormally as similar mixtures in 
the inorganic world, and just as mixtures of the carbonates of potash 
and soda melt at a temperature much lower than either carbonate 
does alone, so also does a mixture of cotton-seed oil stearic acid and 
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stearic acid from tallow melt at a temperature below that of either 
of these* varieties of stearic acid. Again Jean was baffled in his 
attempt to determine the m.p. of oils like linseed by mixing them 
with a percentage of palmitic acid of known m.p., but possibly bo 
might have succeeded better bad he used ceresin of high m.p. 
The solidifying- or freezing-poyit of linseed oil is determined hy 
freezing mixtures surrounding the tube containing the oil. The 
thermometer is inserted into the tube l)y means of a ooi k a ; the 
thermometer is litted with ar» agitator />. 

The m.p. of the fatty acids from linseed oil, viz. 11" C., differ- 
entiates it from several other (^‘Is, especially cotton-seed oil, whose 
fatty acids solidify at + 28*3" to 30" (). But here again the utility of 
such data is negatived by the fact that, judging fiom analogy, the 
fatt) acids from a mixtuiv of the two oils in equal proportions would 
not be at all likely to yield a product with a freezing-point wfflich 
would be the arithmetical mean of those of its constituents. Much 
information may be intuitively gained in regard to the solidilication 
and m.p. of oils by observing the behaviour of the stock bottles and 
samples, filed away for reference, when a frost begins to set in, and 
again when the corresponding thaw ensues, (lotton-seed, olive, lard, 
and colza oils are all solid long before linseed oil, and the latter 
“ thaws ” much sooner than any of the others. The solidification- 
point is more useful in identifying individual oils than in diitecting 
sophistication. However, it may be laid down as a general rule that 
the freezing-point of drying oils is much lower than non-drying oils, 
and although fish oils in many of their properties resemble drying 
oils yet in this respect they show a marked difference, the freezing- 
points of most fish oils .being about O'" C., whereas linseed oil is 
- 27° C. 

The data as to the solidification and melting-points of linseed oil 
are very conflicting. The difference in the source and the age cause 
a difference in composition, and the more linseed oil consists of a mix- 
ture of various bodies and the method of freezing, abrupt or gradual, 
and the oil stirred or not, the more will the results differ. 

The Freezing Process of Elimmating Mucilage from Linseed Oil . — 
Dr. Karl Niegemann patented a process of purifying linseed oil for the 
manufacture of varnishes, which is essentially different from the 
customary methods employed. Kaw linseed oil, when u«ed for 
varnish-mating, gives a product which becomes cloudy and opaque 
owing to the presence of albumen. According to the new process 
no heat is used to cause the albuminous matter to separate, the raw 
oil being, on the contrary, cooled to its freezing-point. For example, 
a sample of linseed oil whose solidfying-point is - 20° C. or 4° F. is 
oooled to that temperature and the mucilage separates in flocks just 
as it does when the oil is heated to 270° C. (518° F.). The oil is then ‘ 
warmed sufficiently to cause it to melt and become capable of being , 
filtered, care being taken, however, that the temperature does not rise* 
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SOLIDIFICATION-POINT OF THE PRINCIPAL OILS. 


Oil. 

- 

Massiu. 

Degrees C. 

Braconiiot. 

Degrees C. 

Chateau 

Degrees C. 

Fr. Ohatiji. 

Degrees C. 

V^arioiw. 

Degrees C. 

Sperm 



— 

+ 8 , 

— 

— 

— 

Olivo 


-f- 

2-5 

+ 7 

- 2*5 

+ 2-lb 

+ 2 + 6 

Wlialt! 



— 


— 


0+1 + 2 

Cod- liver . 



0 


-- 


1-0 

Noat.sfoot . 



0 

— 

_ 


1-5 

Trotter 



0 


— 

- 

1-5 

Lard 



0 







Arachis 


-f- 

2 


— 

- 3 

- 7 

Cotton-seed 



— 

- 2 

— 


- 3 

Rape 

Sesame 


- 

H-75 

- 5 

- H-H 

- 3*75 

- 3-25 - 4 


- 

5 

- 



— 

— 

Oleic acid . 


- 

G to 7 

— 



_ 

Colza 



G 

- G 

- (\-n 

- G-25 

- G*75 

Hazel-nut 


- 

10 

1 - 10 

- 18-5 

— 

- 20 

Sunflower 


- 

IG 

1 

— 

— 

— 

G rape-seed 



_ 

— i 

— 


- IG 

Black mustard 


- 

1 to 2 

— 

- 17*5 

1 — 

0 

Boocli-nut 


- 

17 

- 17 

- 17*5 

1 - 17*5 

— 

Castor 


- 

18 1 

— 

- 17-5 

1 -1« 

— 

Poppy -8 end 


- 

18 1 

- 18 

- 18-5 

1 - 18 

— 

Carneliua . 


- 

18 ; 

; -18 

- 18-8 

- 18 

— 

Apricot 


- 

20 1 

1 

— 

i — 

- 21 - 22 

Almond . 


- 

25 1 

1 - 2-5? 

- 2-3? 

, — 

- 10 - 12 

Hemp-seed 


- 

15 1 

S - 15 


1 _ 

- 2G-7 

Linseed . 


- 

15 to 20 

— 

- 27‘5 

1 - 27*6 

— 

Walnut . 


- 

27 

1 -27-5 1 

- 27-5 

1 -28 

— 

Pine. 



— 


— 


- 30 

Wfiite mustard 




_ 

r . ! 

- 17-5 


SOLIDIFICATION-POINT OP LINSEED OIL AND ITS FATTY ACIDS. 



Fatty Acids. | 



Soliditication-)Joiiit. 

Meltiiig-jioiut. 

Degrees C. 

Oliserver. 

Degrees C. 

Observer. 

Degrees C. 

Observer. 

- 16 after 'j 
standing V 

several daysj 
- 27 

Melts at 1 

- 16 to 20 j 
Deposits 1 
stearine J- 
at - 25 j 

Gusserow. 

Cli&teau. 

Glaesner. 

Lewkowitsch. 

13-3 

17-5 

1C to 17 1 
19 „ 20-G| 
19 „ 19-4) 
20*2 to 20-G 

Von Ruble. . 

Allen. 

De Negri & 
Pabris 

Holde. 

Lewkowitsch. 

17 

24 

Below 1.‘; 
20 to 21 1 

Von Ruble. 

Allen. 
Dieterich. 
De Negri & 
Fabris. 

1 

1 


above 0° C. or 32” F. It is then filtered, and an oil is obtained which 
does not again become opaque or cloudy, and which is suited for tbe 
c manufacture of varnishes. The method possesses the advantage of 
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removing the albuminous matter without increasing the percentage 
of free f>.tty acids. Niegemann very evidently omitted to reckon 
with the presence of solid glycerides naturally dissolved in linseed 
oil, viz. palmitin and myristin. The question then is whether he did 
not precipitate both these fats from the linseed oil along with the 
mucilage and how much, if anj, such cold eliminated solid fats was 
retained on the filter along with the precipitated mucilage. Later on 
Lewkow’itsch and others patented freezing processes for eliminating 
these solid glycerides from linseed oil, but the method did not pay, 
and the process was abandoned accordingly. 

E ffect of Cold on Linseed Oil^ — It has been stated that an oil sub- 
jected to the action of cold remains permanently cloudy and breaks 
on heating to 270° C. (518° F.), even though the original oil did not 
behave in this way. The following tests were made by Andes with 
oil received from the oil-mill clear and transparent, giving no sedi- 
ment on long standing, and on heating to 270° C. showing the char- 
acteristic change of colour, but not breaking or showing any dark 
coloured separation. Three samples of the above linseed oil were 
placed in large test tubes, filled to the top, and a thermometer fixed 
through a cork into each. The tubes were placed in a mixture of 
crushed ice and common salt. After 15 minutes the thermometers 
registered - 6° C. and the oil began to be cloudy. The temperature 
sank for two hours when it had reached - 16° C. The oil was now 
very thick, but not solid. All three samples behaved alike. A fourth 
sample of oil, in a similar cylinder, was placed in a freezing mixture 
of snow and calcium chloride. This sample was cooled down to 
- 31° C., and on standing at that temperature became quite solid, 
without the separation of any crystalline body. All four samples 
were now taken from the freezing mixture and brought into a 
warm room, where they were allowed to stand untouched for three 
days. All became quite clear as before, showing no solid or 
suspended matter, nor could they be distinguished in any way from 
the original sample. On heating to 270° C. they showed the normal 
coloration, without breaking. Pure linseed oil, therefore, will stand 
great cold without losing any of its normal properties, or suffering • 
injury, notwithstanding statements to the contrary. 

TM Physical “ Constants'' of Linseed Oil and its Fatty Acids . — 
For any technical purposes hitherto known for which linsead oil is 
available fatty acids are much inferior if not quite unsuitable. Their 
melting point is far too low for candle-making on the one hand 
(even if the smell of the products of combustion did not debar it), 
and far too high for paint purposes; moreover, linoleic acid is a 
hydrated product whereas linseed oil only contains the anhydride of 
linoleic acid in combination with the glycerine. If we glance at the 
physical “constants” of raw linseed and the physical “constants” 
of the fatty acids derived from this same linseed oil as given in table, 
it will at once be seen that the original oil is quite a distinct^ 
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substance from the free fatty acid derived from it. The original oil 
l-emains fluid at - 10 to - 20° C., that is to say 14° F. (18° F. helow 
freezing-pointj. The freezing-point of the Fahrenheit scale is 32° F., 
and its zero is 32° F. below freezing; hence 20° C. = 36° F., and de- 
ducting 32° F. from 36° F. we get - 4° F. Now a substance like 
linseed oil which is still fluid at - 4° F. is quite a different substance 
altogether from one which is still solid at about 60° F. If the painter 
is working at 60° F. he very evidently cannot use linseed oil fatty 
acids as a vehicle for his paint, nor as a constituent of his varnish. 

What has been said in regard to the melting-point of fats is equally 
true in regard to the solidification Qr freezing of oils, drying oils in- 
cluded. The first point to strike the observer is that most fatty 
solids begin to melt at a given temperature, and are not completely 
liquefied until a much higher temperature is reached. That would 
appear to be quite contrary to the laws of fusion according to which 
(1) every substance begins to melt at a determinate temperature which 
is invariable for each substance if the pressure is constant ; (2) what- 
ever may be the intensity of the source of heat from the moment it 
begins to melt the temperature ceases to rise and remains constant 
until the substance is completely melted. How then does it come 
about that drying oils escape the jurisdiction of such laws ? It is 
due to several causes. Speaking chemically, drying oils are not pure, 
well-defined bodies but mixtures of several different pure well-defined 
bodies called glycerides, each of which has its own well-defined melting 
and solidification-points, and tends to melt at that point indepen- 
dent of all the other substances with which it is associated. But if 
that were the only stumbling-block matters would be much more 
simple than they are, and as the temperature was gradually raised we 
would see linolein, palmitin, myristin, stearine, etc., successively liquefy 
each with a fixed temperature as its own melting-point. However, 
matters do not arrange themselves so easily. This melting-point is 
not even now well determined for each of these glycerides and is 
liable to vary appreciably under circumstances as yet ill defined. But 
quite other causes intervene to modify greatly the phenomena, either 
to hasten or retard the melting-point. Much depends on the natural 
mixture of fatty bodies constituting any given oil. The less fusible 
substances tend to retain the more fusible by a s^rt of imbibition and 
the moft^e fusible tend to dissolve the less fusible. The duel between 
these two tendencies leads within certain limits of temperature to the 
formation of a soft pasty state intermediate between the solid state 
and the liquid state, which may here be regarded as a state of imbibi- 
tion of a solid mass by its saturated solution. 

But some additional remarks are called for. The laws of solidi- 
* fication as given in textbooks on physics are generally enunciated 
thus : (1) Solidification takes place in the case of each substance at a 
fixed temperature which is exactly that of melting. (2) From the 
moment when solidification commences up to the time when it is 



THE PHYSIC^ PROPERTIES OF LINSEED OIL. 137 

complete, the temperature of the liquid remains constant. Now 
these lav^ are not so absolute as may be inia^nned and are subject tb 
numerous exceptions. First of all the last part of the first law cannot 
he allowed to pass in the strict interpretation of its ti'xt. In fact if ice 
melts at 0° the water produced by this ineltinj^ cannot resume the 
solid by the simi)le fact that the ^.emperature remains at 0", nor again 
if a piece of ice and liquid water he brought togethei* and kept at 0° 
we do not simultan«'Ously see the ice melt and the water freeze. It 
is therefore I’ational to suppose* that if water melts at (f water cannot 
freeze hut at a lower temperature than (V. However small ma\ he 
the difference there is perforce jone, and in a general maniiei’ the 
solidification-point is ah\'tiys lower than the melting-point ; however 
near they may he in many cases they are always different. But in 
the case of natural oils and fats, cr even well-defined fatty bodies, 
;^ure triglycerides, this difference is peculiarly in evidtsnee, for, in their 
case, there is always a very appreciable difference between the melting- 
point and the solidification-point of th(^ same substance. Another 
well-known exception is that caused by superfusion, very frequent 
with fatty bodies : that is to say, where a substance cools down to an 
appreciable extent below its freezing-point without solidifying, a 
moment arrives when, ufider the influence of sudden vibrations or of 
some other known or unknown cause, the liquid solidifies all at once 
and its temperatui'c rises to the freezing-point. There are, moreover, 
other remarkable exceptions to the laws of solidification and melting 
peculiarly applicable to oils and fats ; they cotjsist in variations induced 
by different conditions hitherto badly explained. One of the most re- 
markable depends on the temperature to which a substance has pre- 
viously been brought before its solidification. For example, stearine, 
a well-defined body, melts according to different authors at 61 to 63" 
C., also up to 64’2 and even to 71° C. Now according to Duffy a 
stearine melted at 63° C., and heat continued to 65° C., solidified at 
■61° C., when reheated melted at 66’5° C., and when again solidified was 
found to resume its original melting-point of 63" C. Berthelot not 
only observed similar phenomena in the case of natural oils and fats 
but also in the case of synthetic glycerides. These variations in the 
melting and solidifying-point, sometimes influenced by the shape of 
the vessel in which the experiment is made, are always accompanied 
by considerable variations in density. There might therefore be some 
reason in accounting for these variations by molecular phenomena of 
polymerisation. 

In any case, besides the unknown causes which intervene to vary 
these characteristics, there is one which must always be taken into ' 
account in connection with the fusion and solidifying-point of oils, 
and that is their low conductivity for heat, and, consequently, the 
slowness of the centripetal or centrifugal propagation of caloric 
through their mass. 

In conclusion, it is easy to understand how the simultaneous ' 
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action of these different causes may complicate the question of the 
melting and solidifying-points of oils and fats. It will not be surpris- 
ing, therefore, to find very often considerable discrepancies between 
the solidifying-points of linseed oil and its melting-points after being 
solidified in the results of different experimenters according to the 
method adopted by each of them, aqd perhaps also according to the 
point of view he took up in making the experiment. Figures given 
as absolute for substances which in their properties are more or less 
heterogeneous mixtures cannot present a strictly definite melting-point 
and must only be accepted with great reserve. 

It will be readily understood that this phenomenon may vary in- 
definitely according to the nature and proportion of the more or less 
well-defined fatty bodies (triglycerides) entering into the composition 
of the oil. But that is not all. Different substances may be found 
mixed together in a solid mass without being reciprocally soluble, and 
there may be imbibition or incorporation without solubility just as in 
the liquid state there may be emulsion and not solution. Now different 
substances may be found mixed together under these conditions with 
true fatty substances in natural oils and fats and must tend to slightly 
alter their melting-point. Finally, in certain cases there may occur 
between two bodies not mere admixture but true chemical combina- 
tion ; here then results a new body with a distinct melting-point 
from the previous two. This is more often the case than might be 
imagined, for in general a mixture of fatty bodies, or even of fatty 
acids, has a melting-point lower than that of the most fusible of its 
compounds, just as is the case with metallic alloys, which confirms 
the hypothesis of a chemical combination between them. However 
that may be, it has been found in a general way that eveiy mixture 
which alters the melting-point of a body, lowers it in so doing. 

Determination of the Molecular Weight of a Suhatance by the 
Cyroncopic Method . — This method, discovered by Kaoult, consists in 
determining how far the freezing-point of a liquid product has been 
lowered by the solution in that liquid of a known weight of the 
substance, the molecular weight of which has to be determined. Let 
us examine this principle a little more fully, and let us take a well- 
known substance, as the product whose molecular weight is to be dis- 
solved, viz. sugar, and a well-known liquid, viz. water, as the solvent, 
the lowering of the freezing-point of which is to be observed. When 
sugar is dissolved in water, the extent to which the freezing-point has 
become lowered is directly proportional to the weight of sugar dis- 
solved ; 1 part of sugar dissolved in 100 parts of water (bear in mind 
this is not a 1 per cent, solution which consists of 1 part of sugar in 
99 of water) lowers the freezing-point about 0’058, i.e. the saccharine 
solution freezes at 0*058 instead of at 0° C., the freezing-point of pure 
water. Again, 2 parts of sugar dissolved in 100 parts of water de- 
press the freezing by *0116, 3 parts by 0*174. 
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But water is not a good solvent for numerous organic substances, 
many of which are, practically speaking, insoluble therein. In that 
case other solvents which are found to lend themselves to this 
purpose have to he used, bearing in mind that each organic com- 
pound has its own peculiar solvent, but some of these are unsuitable. 

The following is a list of the ohief solvents used in cyroscopy : — 


Solvents. 

Freezing-point 

“C. 

K. 

Water 

0 

J‘J 

Acetic acid . 

14 -R 

39 

Ethylenic bromide 

DT. 

119 

Benzene 

5*8 

49 

1 Nitrobenzene 

5-d 

<19 

j Phenol 

Hl)-0 

7b 

1 


It must, however, be borne in mind that hydroxylated substances 
in benzene solutions produce depressions which are too feeble by 
half. In such cases ethylenic bromide, nitrobenzene bronioform, 
etc., are substituted for benzene. Moreover, solvents which act 
chemically on the substance dissolved are avoided ; thus acetic acid 
would not be chosen as a solvent for a phenol or an alcohol. In 
sufficiently dilute solutions of an appropriate solvent, other organic 
compounds than sugar behave similarly, and the lowering or de- 
pression of the freezing-point is (approximately) proportional to the 
number of molecules of the substance dissolved in a given weight of 
the solvent used and independent of the substance dissolved. If 
therefore we dissolve molecular proportions of different substances in 
a sufficient quantity of the solvent the depression of the freezing- 
point is the same in all the solutions. It evidently differs, however, 
with different solvents. That is to say, if the molecular weight in 
grammes of any substance be dissolved in 100 grammes of a given 
appropi’iate solvent, the depression of the freezing-point is a constant 
quantity K, termed the molecular depression of that process, 
Raoult’s. Apparatus* most frequently used consists of a cast-iron 
dish resting ^on a tripod, on the sides of which two vertical* brass 
rods are riveted at the extremities of the same diameter. On 
one of these rods there moves a universal supporting ring which 
serves to keep in the centre of the dish a brass cylinder closed at 
its lower end. In this cylinder is a glass test tube, the outside 
diameter of which is slightly less than that of the cylinder ; this test 
tube is intended to contain the liquid, solvent, or solution of which 
the point of solidification is to be determined ; it is closed by a rubber 
cork' pierced by three holes. There pass through the cork (1) A 
thermometer graduated into of a degree. (2) A very short glass 
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tube into the orifice of which passes the stem of a pfatinum ring 
stirrer. (3) A wider glass tube, to allow the introduction if need be 
of a certain quantity of the solidified solvent. The platinum stirrer 
is furnished with a wire rolling on a pulley supported by the second 
brass rod. The different layers of the cooled liquid may thus be easily 
and constantly mixed. The test glass, previously dried and cleaned, 
is filled to two-thirds with the pure solvent. The cork is replaced 
and the thermometer introduced so that it does not touch the bottom 
and the bulb does not rise out of the liquid and remains within the 
axis of the ring of the stirrer ; that done the test is placed in the 
oylinder and the dish is filled with*crushed ice or ice and salt, taking 
great care that neither ice nor salt find their way into the brass 
cylinder. As soon as the operation begins the layers of liquid are 
continuously mixed by aid of the platinum stirrer, which should 
never come out of the liquid ; a single to-and-fro motion can be 
given in a second. The column of the thermometer should never be 
lost sight of, especially when the temperature approaches solidification. 
At the moment when the solvent begins to crystallise the mercury 
remains stationary, then rises suddenly and again stops, to redescend 
afterwards when solidification is complete. This maximum tempera- 
ture is noted and the experiment repeated a second time, by first lift* 
ing the test tube out of the cylinder to allow the solvent to regain the 
liquid condition. The two readings ought to agree to about of 
a degree. The solidification-point of the solvent having been deter- 
mined, a solution is prepared of the substance to be examined in the 
same solvent ; that is to say, in a portion of the liquid from the 
same bottle and withdrawn therefrom at the same time as the 
portion with which the previous determination has been made. 
The concentration of the solution should run between 3 and 5 parts 
per IOC, so that the lowering of the freezing-point may be about 0'5 
to 1'5. Its volume should be equal to that occupied by the pure 
solvent in the first experiment. It would thus be necessary to 
calculate previously the weight of substance and solvent to use in 
each particular case. The solvent is weighed in a flat-bottomed 
flask into which the weighed substance in a closed tube is likewise 
introduced. The flask is closed and the solution is effected without 
heating by gentle agitation. When the liquid is quite homogeneous 
. it is introduced in whole or into the test tube which has previously 
been cleaned and dried, likewise the stirrer and thermometer. 

' Calculation : let P = weight of solvent, p that of the substance 
dissolved, c the lowering of the solidifying-point expressed in 
degrees ; then the molecular weight M of the dissolved substance is 
given by the equation 

, - ^ 100 X p 

P X c 

K is a constant particular to each solvent. 
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Certain solvents possess two constants K. The greatest of the 
wo is gen^^rally used. 

Example . — Let us choose for our first example a substance soluble 
n water : 4'9818 grammes of cane sugar dissolved in 96'94 

jrammes of water, depressed the freezing-point by 0'925" C. Since 
)6‘94 grammes of solvent contayi 4-9818 grammes of substance P, 
ihe quantity in 100 grammes = 5-139 grammes. The constant K 
or water is 19, hence the molecular weight of cane sugar is found to 

De = 331, the true value being 342. 

0-295 

Beckmann made some very iwiimportant alterations in Baoult’s 



Fig. 48.— Raoult’B freezing- Fio. 49.— The same apparatus 

point apparatus. as modified by Beckmann. 


apparatus, but sufficient to enable the Germans and their too 
numerous followers in this country to claim that the depression of 
temperature is usualfy made with the aid of the apparatus dgvised 
by Beckmanif. But Beckmann never devised his own apparatus, he 
only altered Raoult’s. His instrument consists (1) of a large tube A 
ibout 1 inch in diameter and furnished with a side tube B, and closed 
with a cork C through which pass a stirrer a and a thermometer b 
graduated to ^ degree. An exactly weighed quantity, about 25 
grammes, of the solvent is placed in the tube, which is then filled into 
i, wider tube D which serves as an air jacket and prevents i too rapid 
ohange in temperature. The apparatus is now introduced through a 
bole in the metal plate E into a vessel which is partly filled with a 
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liquid, the temperature of which is about 5° lower than the freezing- 
point of the solvent. The solvent in A being now constantly stirred 
the thermometer rapidly falls and sinks below the freezing-point of 
the solvent ; the thermometer rises again, but then remains stationary 
at a certain temperature which is the freezing-point of the solvent. 
A weighed quantity of the substance is now introduced through the 
side tube B, and after first letting the solvent melt completely the 
freezing-point of the solution is determined as previously. The 
difference between the first and the second freezing is the depression. 

The Specific Viscosity of Linseed Oil . — The specific viscosity is 
usually determined in this country by Kedwood’s Viscometer, on the 



Fio. 50. 



Continent and in the U.S.A. by Engler’s. The former is described 
in vol. iii. of this treatise, pp, 423-5. In Engler’s viscometer the 
operation is performed at 20" C. and the viscosity is compared with 
that of water at' the same temperature. For linseed oil Crossley and 
Le Soeur found at 70" F. (21*1® C.) the viscosity of 8’33, but F. Bed- 
ford only found 6*75, and Ubbelhode at 20, 60, and 100" C. the 
viscosities 6’36, 3'2, and 1*6 respectively. 

The consistency or body of thickened linseed oil varies with the 
use to which it is to be applied. An empirical test between the fore- 
finger and thumb gives very often all the necessary information. 
Printers require both “thick” and “thin” or “medium” vehicles, 
•or indeed a mixture of these. Other manufacturers are similarly 
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situated, such as the manufacturers of oiled silk. An instrument de- 
•signed to jneasure the body of the oil has been termed a consistence 
measurer, and for an accurate determination of the body of the oil 



Fig. 52.— Apparatus capable of 
being heated for testing drying, 
viscosity, gamming, etc., of oils, 
with graduated scale to left and 
thermometer to right. 



Fig. 53.— Valonta’s apparatus for 
testing the viscosity of oils and 
printing ink vehicles. 


is the best instrument to use. An expert oil boiler for printing ink 
vehicles, however, hardly needs such an instrument. It measures the 
period of time taken by an air bubble to rise through a column of oil in 



Fio. 54. — Apparatus for determining fluidity of thickened linseed oil. 

a glass tube. A cylindrical glass vessel, which may be closed by a 
carefully ground stopper, is filled so far with the oil to be tested that 
an exactly measured volume of air remains between the liquid and 
the inserted stopper. The glass cylinder is then inverted and the 
time noted which the air bubble takes to ascend from the bottom to 
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the top. The glass vessel filled (see Fig. 54) consists of a tube o- 
closed at each end by means of a glass stopper, and maii’lced at z. 
a is attached to the axis h, with which it turns in the framework by 
means of pins ; by removing the slides cc, a and h may be taken out. 
The reversing movement is stopped by means of the flaps e attached 
to the axis and the projections on the framework. The glass 
vessel, after it has been filled with the liquid to the upper mark z and 
closed, may be rapidly and accurately placed upside down, when the 
air bubble will rise. The framework d is provided with a plumb-line 
k, and three levelling screws m, so that it may be accurately placed 
in a vertical position with a therm/^meter to ascertain the tempera- 
ture. 


Viscosity of Boiled Linseed Oil and of Printing Ink Vehicles . — 
The ixometer consists essentially of a 

f i large vertical tube of 13 millimetres in dia- 

meter B. This tube ends in an overflow 
funnel F. Another vertical {ube D of 5 
millimetres diameter, also fitted with an 



Pig. 55.— Barbey’fi ixometer 
with constant head of oil 
section. 


overflow G, communicates with the first 
tube by a connecting pipe H of 8 milli- 
metres interior diameter. In the centre 
of the tube D there penetrates a cylindrical 
steel rod E perfectly calibrated to the 
diameter of 4 millimetres. In fact this 
system forms in D an angular adjustment 
of 0*5 millimetre wide and 200 millimetres 
long. The whole can be introduced into 
a water-bath capable of being heated 
to a desired temperature,. The ap- 
paratus being ready for work the oil is 
placed in the funnel K fixed above B and 


the excess of oil is allowed to flow away 


through F. It is well at the start to incline the system at an angle 
of 45°, so as to run in a little oil to chase the air out of the annular. 


When the apparatus works satisfactorily and the oil is well at the 
' temperature of the water-bath, a receiver which is under the funnel 
^ G is raised, and replaced by a graduated tub® T, noting the time 
exactly at which the first drop of oil falls into this tube^. The oil is 
collected for exactly 10 minutes. The tube is withdrawn and placed 
in the water-bath for 5 lyinutes, and the number of divisions ob- 
tained read. This number indicates the degree of fluidity of the oil 
. at T° centigrade, that is to say, the number of c.c. of oil which flows 
out during an hour. Barbey’s ixometer is so constructed that a 
pressure of 100 millimetres of liquid is kept at the fixed temperature 
of 35° C. Raw colza oil freshly prepared and drawn off" clear marks 
exactly 100° of fluidity. ' 
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FLUIDITY OR OUTFLOW PER HOUR IN CUBIC CENTIMETRES OP 
VARIOUS OILS. 






Specitie Gravity. 

Fluidity. 

Alsatian iniiieval oil 




t)*U:i7 

07*2 

Anioncan ,, ,, 

Russian ok'o iiaphthu . 



• 

0-S71) 

04 





15 

1, - 





50 

M - 





l;)0 

,, (^la/oull 



O-HIJ 

40—4.9*2 

Vas('li]i(‘ 




OW.tii 

210 

Oleic actd 




o-you 

IMS 

C'olji’.a, ci’iidc, m*niiiii(‘, frcsli s\ 
olT 

pboiK'd 

v)-:Mri.o 

100 

Col /a, Cl 11 (Ic . 





St 

,, u'liiied foi lamps 




(COl.') 

105 

Rape .... 




()•'.) 1C. 

SO-4 

^Ceylon cocuinmt . 





100 

Cocliin (snow wlntci 





ISO 

Palm . 




(t-iBH 

120 

Kai'Lli-nut. wliiti' cdib'c 




o-:M7 

111 

,, crude 





104*4 

Olive, fine tiistcd cdildc 




o*!U(;» 

127 

„ ffrecn (luhncation) 




O'MJtiO 

1*25 

11 ■ • • 




0-yis 

105*0 

Sesame, extra -lafla 




()•'!:> i 

120 

Colton .... 




O-Diilib 

120 

RaMson 




O-itlR 

no 

Linseed, Calcutta . 




O-'M:} 

170 

Neatsfoot 




(hil7 

122 

lloiso-foot 





195 

Trotter .... 




0-9 Jfi 

JIG 

Linseed, Bombay . 




0*917 

98*4 




o-o.tri 

149*4 

,, ])u Nord 

Cod oil (brown) 




0*9:{(; 
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0-92H 

155 

Lard oil 




o*‘)h; 

120 

Fish .... 




0*927 

195—160 

Rosm .... 




0*97r> 

SO 

n . . . • 




0*9H4 

72 

Castor-oil lubrication . 




0*904 

13*2—15*0 


Dirpclions for Ljsp . — Fill plugged container 4 with water to swage 
ring, and ascertain the time that 100 c.c. of water at 60" F. will take 
bo pass thi'ough the^jet of the container into the flask, which is 
graduated to this volume. This time is taken as the unit in reference 
bo which the*consistency or viscosity of the material to be tested is 
ietermined and numerically expressed. Thus if 100 c.c. of water 
it 60 ' F. take 22 seconds to pass through the jet, and the material 
Linder test he assumed to take 110 seconds, the latter will be said to 
have a relative viscosity of VV- = 5. 

To take the viscosity of a given material : — 

Having seen that the container and jet are perfectly clean, insert 
ihe plug in the jet and put on the cap which holds thermometer 1. 
Light the burner and, closing the door, raise the temperature of the 
10 
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Fig, 66. — viscometer (Hutchinson). 

1, Thermometer immersed in material under test ; 2, thermometer showing 
temperature of air-bath ; 8, plug for closing and opening jet or outlet tube 
of container; 4, copper container with inteiior swage-ring marking capacity 
of 110 C.C., and removable phosphor-bronze jet; 6, mica windows for ob- 
servations; 6, glass receiving flask graduated to 100 c.c. ; 7, copper pan, 
rdinovable, for catching possible overflow ; 8, iron stand ; 9, ^pminous burner 
for heating air-bath; 10, regulating tap having engraved quadrant for fine 
adjustment. 
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air-bath towards the point desired. While w^aiting until thermometer . 
1 approaches the same point, heat material to be tested in copper 
strainer (ftg. 57), stirring frequently. Keiuoving the cap, next pour 
into the container the heated and stirred material up to the swage 
ring indicating 110 c.c. Keplace cap, and as soon as thermometer 
1 in the container is steady at the temperature fixed upon, withdraw 
the plug and note, by means of a*stop w'atch, the numbei’ of seconds 
taken by the material to fill the flask to the mark graduated for 
100 c.c. 

AsHessimj Linnecd Od bif the Colour Test Developed by a Drop of 
Sulphuric Acid on 10 Drops of Oil. 

The Sulphuric Acid Spot Test for Linseed Oil. — This is the most 
valuable qualitative test for th<‘ purity of linseed and other oils. Yet 
it is conspicuous by its ajbsence fi‘om most technical works on oils 
or is disposed of by a few words in j)assing. The apparatus required 
is*simple: (1) Three or four glass rods rounded or dubbed; (2) a 
stoppered bottle containing conctnitrated sulphuric acid ; (3) a white 
porcelain slab with several circular hollow' depressions as shown in 
the illustration, or a })lain })orcelain slab will do, or even a plate of 
glass with a sheet of white paper underneath, but the circulai’ de- 
pression plate is much to be preferred as the oils have a tendency to 
run into one another and it is difficult to avoid getting into a nasty 
mess when testing a series of oils. The circular depression for each 
^ oil avoids all this unpleasantness. Kubber bulb tubes are also used 
for spotting. 

Process. — Put a number on each sample bottle of oil to correspond 
with the number of the depression on the plate. Then spot 10 drops 
of each oil to be tested from its bottle on to its corresponding de- 
pression on the plate. Dip one of the glass rods, which must 
be scrupulously clean, into the sulphuric acid bottle and carefully 
carry away on it as much as will spot 1 drop of acid, being careful 
not to drop the superfluous acid about the table. Two drops are 
generally necessary, one above the other. Place the rod in a beaker 
when done with. It must not be allowed to touch the oil. If it 
he desired to stir the oil another rod must be used. The 2 drops 
may often be spotted at once from the acid secured on the rod 
by one dip, but it is ))e8t to be content with 1 drop and to make 
a second dip into the bottle for the second drop. The rod <nust 
be allowed to* drain sufficient for the purpose. The sulphuric acid 
may be spotted from a Mohr’s burette with a glass stop-cock with 
greater ease and cleanliness. Pure linseed oil under sulphuric acid 
spot test behaves thus : The spot quickly assumes a yellowish tint, 
passing rapidly to orange, then to bright red, darkening gradually to 
brownish-black. 

Oils detected in linseed oil by sulphuric acid spot test 

!.• Eosin OiZ.-— The importance and great value of this test merits 
a closer study than oil chemists bestow on it. Should linseed oil 
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contain only 5 per cent, of rosin oil the behaviour of the sample 
will show a marked deviation from the pure sarn])le. It becomes 
brownish-ied instantly and passes much more quickly to black than 
a pure sample, and the black coloration is always deeper than that 
of pure oil. Even smaller quantities than 5 per cent, of losin oil 
can be thus detected. If Huonscence, smell, taste, gravity, and 
sul])huric acid spot test all ])oint lo rosin oil, it should now be detei - 
mined by Allen’s sejiarate alcoholic saponilication and ether exti-ac- 
tion method (see p. lOd), and very jiossiblv it will be the only 
adulterant present. 

2. Wliala 0//.— As soon as the. centre of a s]) 0 t of pure whale oil 
is touched by sul])buric acid a rapid moiion takes place from the 
centre to the circumfer(*ncf‘, chasing, so to speak, a ^roy coloi ation 




0000 

10000 

OOOOj 


Fui. t>H. — Apparatus fur detecting rosm oil in linseed and otlicr oils (sulphuric 
acid .spot test). 


in front of it. The central sjiot, at first red, passes to brown-red, 
and, in a quarter of an hour’s time, the whole spot becomes brownish- 
black. In testing linseed oil for whale or other oils in this way it 
is bettor to test simultaneously a standard sample of genuine linseed 
oil, aastandard sample of genuine whale or other oil along wdth the 
oil to be tested, examining and comparing the colour effects. It 
must be borue in mind that there are many varieties of whale, each 
yielding its own peculiar oil, with its owm behaviour to sulphuric 
acid. 

3. Cofi Oil . — The moment the drop of acid touches the oil red- 
violet striae appear in the centre, which turn to dirty red and finally 
to black. Another description says the effect of the acid is to give 
an orange spot with a dark nucleus giving birth to a purplish floiting 
crust which quickly browns. Stirring gives a bluish-purple, turning 
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to red and to brown. Violet to purple colorations are characteristic 
of fish-livtr oils. 

4. Skate- Liver Oil (density 0*928 at 15^’ C.). — Sulphuric acid 
spotted in centre causi s beautiful violet striie to swim about, which 
suddenly pass to bright brown. The centre of the spot is red, 
covered \\ith brown stria'. A dy ty grey aureole surroiinds the cir- 
cumference of the spot, (daseous chlorine does not darken the colour 
of this oil even after lialf .in hour’s contact.) 

b. ]i.apv Oil.-' Before stirring gives a greenish-bliu' aureole. After 
stirring a hluish-grec'ii. — Klaidin test gives black mass. 

(). lieinp-.seed Oil . — The reagent gives a yellow sjiot where the 
acid has been drojiped, the remaindi'r of the oil turns greenish-blue, 
then a beautiful emerald gremi, with small brown striie on the lodges. 

7. Hanson Oil . — This oil is known by its sharp ])epper-like taste. 
The reagent gives a bliiish-grt*en aureole, which soon jiasses to dirty 
grey, leaving on the edges dark browm spots. The centre instantly 
becomes reddish-yellow, turning to bright brown. — Klaidin test gives 
black mass. 

H. Sesame . — Only oil wdiich gives characteristic bright red. 

9. Poppij . — Yellow immobile spot with orange rings. Turns buff 
on stirring, finally bi own-red w'itb disengagement of gas. 

JO. Walnut Oil . — Yellow spot, which moves from one side to the 
other, producing quite an orange iiellicle on surface of oil ; stirring 
produces dark streaks and liberates gas bubbles. 

11, Mustard Oil . — According to Lefevre, gives a dark yellow 
spot with librous streaks, inclining to orange, and a nucleus which 
rapidly darkens. On stirring it gives a red-brown colour. On the 
other hand, according to Heydenreich, black mustard oil behaves 
somewhat like rape, giving a greenish-blue both before and after 
stirring. 

Assessimj Linseed Oil hy the Tetrahromide of Tin Test for liosin 
Oi7.— Tetrabromide of tin, SnBr^ (made by dropiiing dry bromine 
through a separating funnel into a well-cooled glass flask contain- 
ing granulated tin), gives a characteristic violet-red coloration in 
presence of rosin oil. It is equally delicate and characteristic a test 
for rosin oil in linseed oil as the sulphuric acid spot test. This test 
is due to Allen, and fs a modification of Kenard’s stannic chloride 
SnCl^ test. , * 

These colorations do not as a rule interfere with the detection of 
rosin oil. 

The Liebermann-Storch Acetic Anhydride and Sulphuric Acid 
Coloration Test for Eosin Oil , — Storch has adapted Liebermann’s 
colour test for rosin acids for the detection of rosin oil in linseed and 
other oils. From 1 to 2 c.c. of the oil to bo tested are agitated with 
1 c.c. of acetic anhydride with the aid of a gentle heat. After 
settling and cooling the acetic anhydride is drawn off by a pipette 
and 1 drop of concentrated sulphuric acid added. A fine but fugitive 
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violet coloration is imparted to the acetic anhydride if rosin oil 
be present in the oil tested. This test is especially applicable for 
testing mixtures of rosin oil and mineral oil and rosin. C. Harrison 
asserts that he obtains satisfactory results by the use of glacial acetic 
acid in place of acetic anhydride. Morawski obtained the under- 
noted colorations with the following oils : — 


Oil. 

Coloration. 

Oil. 

(Joloration. 

Olivo . 

Light green. 

Palm . 

Brownish-yellow. 

Sosaiiie 

Greenisli-blue, gradual. 

Bone fat 


Hoiiip . 

Green. 

acids 

11 M 

Linseod 


Whale 


Cotton 


stearin e . 

11 11 

Arachis 

Red -brown. 

Olein . 

Light brown to darV 

JtU]>C . 

Castor 

Green i.sh-yellow. 

Crude olive 

Yellowish. 

acids 

green. 

Cooo-nut 


Herring 

Cherry-rod to brownish- 

Palm-nut . 


black. 

Beef tallow . 


Sunflower . 

Blue violet to blue. 


AftHCssinff Qmliiy of Linseed Od by its Flash or the Point at 
which it Gives Off an Inflammable Vapour. Gray s Flash-point 
Ajfparaiiis {Closed Test). Description. — This apparatus (Fig. 59) 

consists of a brass oil-cup a, of the same dimensions as the oil c 
container used in Government Standard Petroleum Testei’s (Abel’s). 
On this cup, which is set on a suitable stand, is placed a tight- 
fitting cap or lid. Through the lid a steel shaft passes, carrying on 
the top a small bevelled wheel //, the bevel of w’hich is milled, and 
on the lower part two sets of stirrers, one of which is below the 
surface of the oil, and the other in the vapour space above. A 
horizontal shaft carried on two standards tei’minates at one end in 
a bevelled wheel (j, which gears with the wheel h, and at the other 
end in a disc c, the outei- rim of w'hich is made of bone or other 
suitable non-conductor of heat, and on this disc is fixed a handle b 
for rotating the shaft. This horizontal shaft carries a collar e, from 
which there projects two small pins at diametrically opposite points. 
By sliding the shaft slightly to the right tha bevelled wheels are 
drawR? out of gear, and the pins projecting from the collar put in 
position for actuating the testing arrangement. On the lid proper 
there are three orifices, one immediately in front of the test-light d, 
and the other two at either side of it. Above the lid is the sliding 
cover s, in which there are two orifices corresponding to those on 
the fixed lid. When the bevelled wheels are in gear the sliding cover 
is held in its normal position by the spring at p, and the orifices 
in the fixed lid are covered. When the sliding cover is moved by 
bringing the pin e in contact with the pinp and turning the disc e 
about a quarter of a turn round, the orifices in it coincide with thossr}'!^ 
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on the fixed lid, and at the same time the test-light is depressed and 
brought iifto position for producing the flash when the requisite tem- 
perature has been reached. 

In places where gas is not available, a good substitute to use for 
the test-flame may be obtained by passing a current of air or hydrogen 
through cotton- wool or other con^ienient medium saturated with gaso- 
line or other light hydrocarbon spirit. 

Process . — Fill the oil-cup a up to the mark inside with the oil to 



Fig. 59. — Gray’s flash- Fio. 60. — Apparatus for determining flash-point of 
point apparatus for linseed, etc., oils (closed test), 

linseed oil (open test). 


be tested, replace the cap, and insert the thermometer in the tube 
provided for it. Apply a light to the heating lamp, the heat from 
which may be applied either direct or through the medium of a con- 
venient sand-bath. Light the test-jet also, and adjust flame to about 
J of an inch in length. During the heating of the oil the stirrers 
should be moved at short intervals by turning the handle b several 
times. The more rapidly the oil is heated the oftener the stirrers 
should be rotated. When nearing the point at which the oil is ex- 
pected to flash, it is advisable to reduce the rate of heating in order 
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that the observations may be more readily and accurately made. If 
necessary, a rough test may be performed lirst, to give some’mdication 
of the temperature at which the oil is likely to flash. Observations 
may be taken every degree or half degree, a few turns of the stirrer 
being given b(jtween each test. The rate of heating is immaterial 
provided it is not too rajnd to allow of readings being taken. A 
convenient time is 10 to 20 minutes. 

COMPABISON OF FLASH-IH)TNT STANDAUDS OF DIFFEIiENT 
COUNTRI]<:s. 


Couutry. 

A|i])aratii.s. 

Pnuf’iplc. 


“F. 

America . . . | 

Tagliabuc and 
Snyholt tester 

Close 
and o])cn 

>35 

95 

Belgium .... 

Granier’s 

Close 

— 

— 

Denmark 

Danish 

Open 

40 

104 

Germany .... 

Abel Pensky’s 

Close 

•ji 

69-8 

Great Britain . 

Abels 


22*78 

73 

France .... 

Gran lev’s 


35 

95 

Holland .... 

PoiTiscber's 


40 

104 

Japan .... 

Burning test i 


46 

1U*8 

Austria .... 

Abel Pensky’s 


21 

69*8 

Russia .... 

— 


— 

— 

Roumania 

— 

— 

— 

— 

New York State 

Tagliabue’s 

Close 

37*77 

100 

Sweden .... 

l)anish 

Open 

40 

104 

Zurich .... 

Abeljanz’s 

34 

93*2 

Italy .... 

— 

— 

— 

— 


hidex of Befraction . — The index of refraction of oils, fats, turps, 
white spirit, etc., is deserving of more trade attention consequent on 
the ease and rapidity in making determinations, a few minutes 
sufficing for the whole operation. By the use of this instrument oils 
may be sorted out and mixtures detected. It is certain that anyone 
becoming habituated to the method will never consider an oil labora- 
tory equipped without one or other of the instruments herein shortly 
described. 

The Abb6 ref lactometers, by virtue of their extraordinary simple 
manipulation (the refractive index w/d being i*ead off directly on a 
graduated circle after a single movement requiring no pa/’ticular skill) 
and their extensive range of measurements, embrace refractive 
indices from n/o — 1*3 to n/o = 1’7. The refractive index of linseed 
oil at a temperature of 15“ C. may be found to be about 1*48140 and 
that of rosin oil about 1*535 to 1*549. The refractometer is mainly 
composed of the double prisms A, B, which contain the fluid, and may 
be rotated on a horizontal axis by means of an alidade, J. F is a tele- 
scope for observing the line of total reflection which is formed in^the 
prism, S is the sector rigidly connected with the telescope on which 
are engraved divisions representing refractive indices. 
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In taking refractive index of liquids, it is convenient to make 
measurements at a fixed temperature, e.g. 20° C. The f figure on 
p. 153 exhibits means of causing a heated current of water to circu- 
late about the prisms. 

Jean’s oleo-refractometer is also emjJoyed for oil determination. 
Descriptions of the instrument are to be found in publications, and for 
brevity’s sake are omitted. 

Fery's Refractometer.^This instrument has the advantage over 
Jean's oleo-refractometer in not requiring a certain liquid oil as type 
or standard. 

Theory of Fery's liefractometer. — Its theory is simple. It rests 
on the following facts. In a liquid prism of small angle the devia- 
tion is proportional to {n - 1), being the index of the liquid con- 
tained in the prism. In fact, if the angle A (Fig. 63) is small, ir, i'r' 
are also small when the prism is in the vicinity of its minimuip 
deviation, which is realised in the apparatus. 



We then have : A = (i - r) + (i' - r'). 

But given the smallness of the angles n = 

Hence i = nr and % = nr'. 

Therefore 8 = r[n - I) -f r{n - 1). 

And as (r + r') =* A 8 = k(n - 1). 

If we annul the deviation of this prism by (jhe plano-convex lens- 
L, the^glass of which has an index N, we get for this latter 

o 

- 8 = - a(N - 1), 

a being the angle at the point where the ray deviated by the prism; 
just meets it. At this point, therefore, we have the relation 


k{n - 1) = a(N - 1). 


w - 1 *= a 


N - 1 
A • 


Hence 
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But it is easy to show that in such a lens the angle a at the point 
in questiofi is very perceptibly proportional to the distance 8 (Figs. 
64, 65) which separates it from the optic centre 0. We in fact get 
8 = K sin a 

or for small angles 8 = Ka. 

• 8 

By replacing a in [1] by its value ^ drawn from this latter equi- 
valence, we find 



by causing the constants NA and K of the apparatus to enter into 
the constant K'. The angle A chosen to constitute the prismatic cell 
• of the apparatus is small enough for the error due to the substitution 
of the arcs for the sinus in the preceding formula only to produce an 
error lower than the last decimal place shown by the Vernier. 

Description of the Instrument . — The cell containing the liquid to 
be examined consists of a hollow prism of a suitable angle, the faces 
of which are also prismatic, but so arranged that the whole forms a 



Fio. 65.— The index of refraotion. 


system of parallel faces a, 5, c, d. The three prisms forming the 
cell to contain the liquids under examination are cemented together 
in such a way as to resist all solvents and are mounted in a metallic 
lining carrying two horizontal slits 3 millimetres in height. The lower 
slit lets light through the bottom of the cell and thus traverses the 
whole of three solid prisms acting like a blade with three parallel 
faces, these three prisms being made from the same glass, which ds 
a special crown glass perfectly resistant to chemical reagents. The 
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upper slit receives the rays which traverse the liquid, it is at the top* 
ol this slit where the reservoii- which holds the bent thermometer t 
carried by the f^round "lass lid of this coll is lixed. This first cell is 
placed in a second cell MNPQ, all metal except the two larger sides 
MN and PQ formed by the ])lano-convcx compensation lens, the 



curved face of which is turned towaids the exterior. The space 
included between thci two cells must he filled with water, which is 
easily done through a funnel e, visible on the profile view of the 
whole instrument. There must he water between the two cells when 
the instrument is being regulated or when an observation is being 



Fie. G7. — Fery’s refractometer : Veruier, etc. 


taken. It is the presence of water — which, however, plays no optical 
role in the measurements, for it forms a double plate with parallel 
faces — which ensures the constancy of the central cell and allows of it 
being raised to the desired degree by aid of a small lamp I which 
heats a thermo-siphon. Water may be replaced by any other fluid 
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if need be, e.g. for determining indices below 0” C., without fearing 
any chan^je in the readings. The central cell which slightly overlaps' 
the heating cell is closed by a ground glass lid carrying the bent 
thermometer t. The exterior cell is fitted with a mt‘tallic lid pierced 
by a rectangular opening giving a passage to the central cell. The 
aggregate of the two cells born^' by a slide may be displaced per- 
pendicularly to the ojitical axis of the instrument determined by the 
reticula slit of the coUimator C' and the reticula in the form of a St. 
Andrew’s cross of the bms L. These two reticula' are mobil(‘ by 
means of studs b, h'. In its motion the exterior cell brings in its 
train a Vernier V and a magnil\ing glass /' in Iront of a fixed scale, 
by which its displacement can be measured to of a millimetre 

corresponding to f>l ‘‘-n iudex. 

Dcficription of I he Vormci .—The scale is divided from to- 
1*59, hut not to overload tbe^ liguring, only the two first decimals are 
indicated. Sach of these large divisions which riipreseiit almost 
4 millimetres is divided into 4 pails. Each of its subdivisions 

represents ^1*^1^125. The \ernier is itsell divided into 2& 

parts, the total length of which represents 24 small divisions of the 
scale. 

It is therefore read thus, according to the examine shown in Fig. 

• 67 : 39 large divisions ])lus 1 small division, which gives 3*925. 
We further read on the V^ernier that it is the division 4 which co- 
incides. The index is therefore 1*3929. 

Iie(inlatin(j I he AppauUm and Deienumiwi the Index,— The 
centi’al cell being in position and the exterior cell filled with water 
up to the superior level of the liquid to be examined, to be ceitain of 
securing uniformity of temperature of the latter the two cells are 
closed by their respective lids and the height of the thermometer so- 
that its reservoir is visible through the ujiper slit in the cell. The 
bench-marks of the slit of the collimator C are made to coincide hy 
means of the stud b' and the index of the glass of the cell is caused to 
be marked on the Vernier by means of the stud B, an index which 
serves as a starting-point and which is engraved on each instrument. 
The index of glass i» not affected by the temperature or at least the 
variations oijy affect a decimal point very far removed from vThat it 
is desired to reach. The reticula in the form of a St. Andrew’s cross 
which is carried by the magnifying glass is adjusted by drawing the 
eyepiece. Then the vertical reticula of the collimator is adjusted by 
working the pignon P of the magnifying glass, the apparatus being 
illuminated by monochromatic sodium light. Finally, by means of 
the regulating stud b of the eyepiece the vertical reticula is made to 
coincide with the centre of the cross. There should exist no parallax 
between the centre of the St. Andrew’s cross and the vertical reticula 
of the collimator when the eye is displaced near to the eyepiece. 
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- The following instructions for the adjustment of the instrument 
should be obeyed : Once the instrument is regulated the stud B 
should only be used to take measurements. In order to^do so the 
liquid to be examined is placed in the central cell if it be not there 
already, for its presence in no way hinders the adjustment of the 
instrument. When the temperature of this liquid indicated by the 
thermometer which dips into it ife quite stationary, the stud B is 
turned until a new image appears in the field of the telescope. This 
image is formed by the rays which have traversed the horizontal 
uppei’ slit of the central cell. It is brought to coincide with the 
reticula of the telescope as is done with the image of the glass of the 
central cell and nothing further remains to be done except to read 
the index on the scale of the instrument. Thus regulated, the in- 
strument works between 1-330 and 1-532G. This adjustment is 
sufficient for the majority of liquids, saline solutions, fajity oils. If, 
however, it be seen that the index is not comprised between these 
limits, it is very easy to measure it; for that purpose, the regulating 
point given by the glass index is displaced to a known extent ; if, for 
example, in an instrument, the glass of which has an index of 1-5126, 
it be desired to take the refractive index of carbon disulphide which 
is about T634, the bench-marks of the reticula carrying slit of the 
collimator are made to coincide by means of h\ there is caused to be 
marked on the Vernier 1-3726 by means of the stud B, and the reticules 
are then made to coincide by manipulating the stud h of the eyepiece. 
The magnitude of the scale of the instrument has been increased by 
0‘14 and the instrument works up to T6726. It will suffice to bear 
in mind that all the readings must be increased by 0-14, the point 
of departure having been displaced to that extent. If, therefore, 
1-5227 was found 0-14 would be added, and we would get the index 
sought, 1-6627. 

N.B . — The point of departure may be displaced between 1*3726 
and T5126 by the quantity required to find the desired index. 

Determination of indices at temperatures different from the 
ambient temperature. The following precautions must be taken if it 
is desired to work at a temperature above that of the laboratory. 
The lamp I is lit, the flame adjusted very low, the brass tube making 
a draught, and to which is brased a copper tube of small diameter 
formipg a thermo-siphon, heats itself rapidly, an active circulation of 
the liquid is produced. The movements of the thermometer are 
watched and the lamp is extinguished when the temperature is 0*5 
below what it is desired to reach. The thermometer continues to 
rise very slowly, then remains stationary before redescending. That 
is the moment chosen to make the determination. At that moment, 
in fact, equilibrium of temperature is completely established between 
the different media traversed by the ray of light. Working other- 
wise, delay might occur between the indications of the thermometer 
and those of the refractometer, in consequence of which one finds at 
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the same temperature a higher index during heating and a lower one 
if the cooling be too rapid. It may happen that the index of the 
liquid is very near that of the cell ; in that case the two images of the 
vertical reticula are superimposed and their measurement is difficult. 
In one experiment M. Ch. I'ery found a body commercial, eugenol, 
the index of which at the temperature of the experiment was exactly 
the same as the glass of the cell. *The two images absolutely coincide 
and the cell may he displaced through its entire length without find- 
ing a second image. In that case it suffices to counterbalance (bascule) 
a screen not shown in the figure in front of the lower slit correspond- 
ing to the glass, and the image of the liquid subsists alone. In fact, 
if a determination be made on a fluid which is a very had conductor 
of heat like carvacrol, which placed in the cell has a syrupy appear- 
ance, an image cannot he obtained. It must he left for several hours 
for equilibrium of temperature to supervene, or what is more simple, 
h«at IS applied, and it is left to cool very slowly until it reaches the 
desired degree at which the index is to be taken. Determinations 
may thus be madf of the index of I’efraction at dilierent decreasing 
temperatures. 


Index op Kefkaction. 

The following results are given for the purpose of comparing that 
of linseed oil with other oils ; — 

ft 

INDEX OF REFRACTION OF RAW LINSEED OIL. 

Strohmor at 14° C. = 1-4S36 
„ at 16° C. = 1-4834 
Thorncr at 60° C. = 1-4GG0 
Tolman and Triunson at 15-5° C. = 1-4R31 

Harvey at 20° C. = 1*4800— 1-4812 
Procter and Holmes at 15-5° C. = 1*4817— 1*4826 
U.S.A. at 25*5 = 1*4796—1*4798 


INDEX OF REFRACTION OF CERTAIN OILS. (FERY.) 


Index determined at 15°, correction 0*00037 at 15° C. 


• 

Earth-nut, refined . 

1*47325 

Trotter .... 

1*4J046 


1*47316 

Horse-foot .... 

1*47096 

Olive, Tunis . 

1 -47216 

Castor 

1*47990 

„ Kabylie . 

„ edible ' . 

1*47016 

Almond, Bweet . 

1*47410 

1*47130 

Cotton .... 

1*47440 

„ fine*' 

1-47070 

Black mustard . 

1-474JK) 

Walnut/. 

1*47160 

■ Lard (oil) . 

Oleic acid (sap.) . 

1*47195 

Poppy-^ .... 

1*47730 

1*46245 

Ses^e, crude . 
refined 

1*47490 

Whale (St. Vincent) . . 

1*47506 

1*47400 

„ 

1*47926 

linseed .... 

1*48140 

God-liver, Hogg . 

1*48 00 

NeCtsfoot 

1*47650 

„ blonde 

1*48885 
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RAW LINSEED OIL IN BUTYHOREPHACTOMETKIC DEGREE. 


— 



7 - - - — 


No. ol 
Samples. 

°C. 

j Refraction. 

M. Weger, Zeitsc.lir. f. angew. Chein., 

t] G 


1 80*2— 81-5 

IHll'J, 12, ‘29S 

J. van Itallio, Pharni. Weekblad, 

[ 4 

40° 

71-4-72-5 

40.U)O 

B. S)ollniria, Zoit-ichr. f. Uiiters. d. 

(5 

25° 

82-0-86-5 

1 

Nabr.- u. Genu., 6, fi'H • 

15 

15° 

1 87-0 -91*6 

Thomson und Dunlop, AnaRst, 190(5, 
31, . . . . . 

H. J. F. de Vries, Oh cm. Wookbhul, 

5 

25° 

1 

i R1-0_H5'5 

1 

1908,5,555 . . . . 

Olig. und Brust. Zeitsflir. f. Untcrs d. 

7 

15° 

87*3— 91-8 

Nahr - u. Genu., 1909, 17, 5(51 

1 1 

25° 

I 80-0 

1 




1 


The following' are indict's of refraction at J5 ’ C. of linseed oil, 
and of substances which may he present in it as adulterants or other- 
wise ; — 


Oil. 

Retractive 

Oil. 

Refractive 

Index. 

Index. 

Linseed . 

MH4J,ol-4HS 

Turpentine 

1-464 to 1-474 

Cotton -.seed 

1-475 

Rosin (Colophony) . 

1-548 

Rosin oil . 

1-585 „ 1*549 

Maize 

1-47(55 

Mineral . 

1-488 „ 1-507 

• • • 

1-478 (at 20° C.) 

Fish 

1-480 

1 


REPlt ACTION OP PURE AND IMPURE DRYING, ETC., OILS IN 
OLEO-UEFRACTOMETER DEGREES WI TH JEAN’S REFRACTOMETER. 


Index of Bel'raotiou. 

Raw linseed oil— laboratory standard 


sample 

+ 53° 


1-48075 

Refined raw Imseed .... 

+ 49° 

= 

1*47975 

Raw Imseed + 20 per cent, rosin oil . 

+ 07° 

= 

1*48425 

„ +20 „ hemp-seed 




oil .... 

+ 47°* 


1*47925 

„ + 20 per cent, mineral oil 

+ 17° • 


1 *47175 

Pbppv {oiHletie) oil . 

+ 29° 

= 

1*47^5^ 

„ „ old . . . 

+ 85° 

= 

1*47625 

„ {pavot) Calcutta oil . 

+ 27*5° 

= 

1*47437 

„ „ ,, old . 

+ 83° 


1*47575 

Hemp-seed oil 

+ 30° to 32° 

= 

1*475 to 1*4765 

Walnut oil 

+ 36° 


1*4765 

Ravispn 

+ 25° 

= 

1*47375 

Colza „ 

+ 17° to 18° 

= 

1*47175 to 1*4720 

Rosin 1 

+ 78° 

= 

1*48626 


1 With some samples the whole field of the refractometer is black. 
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REFRACTION OP PURE AND IMPURE LINSEED OIL IN BUTYRO- 
REFRACTOMETER DEGREES. 


Retractoinetor Number 
at 20° C, 


Pure linseed oil (raw) 

80-5 to 82-2 = 1*47876 

>♦ 

„ (boiled) 

80*5 „ 84*2 

Linseed oil + 20 per cent, rosin .... 

above 100*0 


+ 10 „ „ • . . . 

94*5 = 1*4:1075 


+ 5 „ 

88*4 


+ 20 „ „ oil . 

above 100*0 


boiled + 20 per cent, rosin oil . 

„ 100*0 


» +10 „ „ . . 

92*7 


»i + 5 ,, . 

88*2 


„ + 15 ,, cotton-seed oil 

78*7 


„ + 15 „ rape oil . 

79*1 


+ 10 per cent, rainoral oil 

boiled + about 80 per cent, of man- 

89*6 


ganese rosinate .... 

84*9 


COMPARISON OF REFRACTIVE INDEX WITH OLBO-REFRACTO- 
• METER AND BUTYRO-REPRACTOMETBR AT 22° C. 


! 

Refractive | 
Index. 

1 

Oleo-Refracto- 1 
meter 

Degree. f 

* fV 

2 6 

«| 

a 

V M 

Ph 

Oleo-Refrac to- 
me ter 
Degree. 

Butyro- 

Refractometer 

Degree. 

'P 

Oleo-Refracto- 

meter 

Degree. 

Butyro- 

Refractometer. j 

1*4G2:0 

- 20 

54*8 

1*47100 

+ 14 

68*0 

1*47950 

+ 48 

82*0 

1*46275 

- 19 

55*1 

1*47125 

+ 15 

68*3 

1*47975 

+ 49 

82*4 

1*46300 

- 18 

55*6 

1*47150 

+ 16 

68*7 

1*48000 

+ 50 

82*9 

1*46325 

- 17 

55*9 

1*47175 

+ 17 

69*1 

1*48025 

+ 51 

88*2 

1*40350 

- 16 

56*3 

1*47200 

+ 18 

69*5 

1*48050 

+ 62 

83*8 

1*46375 

- 15 

5()*6 

1*47225 

+ 19 

69*9 

1*48075 

+ 53 

84*1 

1*46400 

- 14 

57*1 

1*47250 

+ 20 

70*3 

1*48100 

+ 54 

84*6 

1*46425 

- 18 

•57*4 

1*47275 

+ 21 

70*7 

1*48125 

+ 65 

86*0 

1*46450 

- 12 

57*9 

1*47300 

+ 22 

71*1 

1*48150 

+ 56 

85*5 

1*46475 

- 11 

58*2 

1*47325 

+ 23 

71*4 

1*48175 

+ 57 

85*9 

1*46500 

- 10 

58*6 

1*47350 

+ 24 

71*9 

1*48200 

+ 68 

86*4 

1*46525 

- 9 

58*9 

1*47375 

+ 25 

72*2 

1*48225 

+ 59 

86*7 

1*46550 

- 8 

59*4 

1*47400 

+ 26 

72*7 

1*48250 

+ 60 

87*3 

1*46575 

- 7 

59*7 

1*47425 

+ 27 

73*0 

1*48275 

+ 61 

87*6 

1*46600 

- 6 

60*2 

1*47450 

+ 28 

73*5 

1*48300 

+ 62 

88-2 

1*46625 

- 5 

60*5 

1*47475 

+ 29 

73*8 

1*48325 

+ 63 

88*5 

1*46650 

- 4 

60*9 

1*47500 

+ 30 

74*3 

1*48350 

+ 64 

89*1 

1*40675 

- 3 

61*2 

1*47525 

+ 81 

74*6 

1*48375 

+ 65 

89*4 

1*46700 

- 2 

61*7 

1*47550 

+ 82 

75*1 

1*48400 

+ 66 

90*0 

1*46725 

- 1 

62*0 

1*47575 

+ 83 

76*5 

1*48425 

+ 67 

90*3 

1*46750 

0 

62*5* 

1*47600 

+ 34 

76*0 

1*48450 

+ 68 

90*9 

1*46775 

+ 1 

62*8 

1*47625 

+ 35 

76*3 

1*48475 

+ 69 

«91*2 

1*46800 


63*2 

1*47650 

-i-36 

76*8 

1*48500 

+ 70 

91*8 

1*46825 

+ 3 

63*5 

1*47675 

+ 37 

77*2 

1*48525 

+ 71 

92*1 

1*46850 

+ 4 

64*0 

1*47700 

+ 38 

77*7 

1*48650 

+ 72 

92*7 

1*46875 

+ 5 

64*3 

1*47725 

+ 39 

78*1 

1*48576 

+ 73 

93*0 

1*469 JO 

+ 6 

64*8 

1*47750 

+ 40 

78*6 

148600 

+ 74 

93*6 

1*46925 

+ 7 

65*1 

1*47775 

+ 41 

78*9 

1*48650 

+ 75 

94*0 

1*46950 

+ 8 

65*6 

1*47800 

+ 42 

79*4 

1*48675 

+ 76 

94*5 

1*46975 

+ 9 

65*9 

1*47825 

+ 43 

79*8 

1*48700 

+ 77 

94*9 

1*47000 

+ 10 

66*4 

1*47860 

+ 44 

80*3 

1*48726 

+ 78 

95*4 

1*47025 

+ 11 

66*7 

1*47876 

+ 46 

80*6 

1*48750 

+ 79 

95*8 

1*47050 

+ 12 

67*2 

1*47900 

+ 46 

81*2 

1*48625 

+ 80 

96*3 

1*47075 

+ 13 

67*5 

1*47926 

+ 47 

81*5 

— 

— 

— 
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Befraction of Linseed Oil Mixed Fatty Acids . — Determinations 
are few. Thorner found a refractive index of 1’4546 at 60° C., 
whilst Olek and Burst found the butyro-refractometer degree of 
56*9. 



Saponification 

(Turbidity) 

Test. 

Clear 

yf 

yy 

yy 

yy 

y 

yy 

Slightly turbid 
Clear 

Quite turbid 

>9 

99 

99 

99 

99 

Slightly turbid 

Saponi- 

fication 

Number. 

Oi -.it t- § O) (N m >p m o cp 

OD 1 1 OD do OD O 6 o 6 OS t- JO cb ^ 

GO 1 1 QD 00 00 QC OS 00 o O O CO O o OS 

f-t rH tH rH iH rH iH QO rH .-1 tH rH r-l rH i-l 

Iodine 

Number. 

163 0 

167*1 

165*0 

167*5 

162*3 

172*1 

170*4 

167*7 

164*8 

160 180 
143*6 

158*3 

154*7 

153*4 

161*1 

129*8 

Acid number 
45*6 

Polarisation. 

1 1 + + 

O ^ 


cN 9 9 

iH CN fH op m cp O gs ps ^ op TO CD qs o8 8 

tH tH (N ^ to CD W tH Q Tl 

coQooocoooouaoaooD.ososooosa ^ 

S 1 ^ 


Ldtharge boiled oil 1 

,.2 

» ,.3 

.. M 4 

„ .,6 

Manganese boiled oil 1 

ft ,, 2 ... . 

„ „ 3 . . . . 

,, ,, 4 with 3 p.c. rosin oil 

Puredinseed oil 

Litharge boiled oil 6 

,, ,, 7 .... . 

„ „ " 8 

„ „ 9 

Manganese boiled oil 5 

6 . . . . 
Boiled oil 4' 20 p.c. rosin .... 


It will be seen from the preceding table that, if a sample of raw 
or boiled linseed oil, examined at 25° C., is found to give a butyro- 
refractometer number greater than 84’5, it is open to the suspicion 
of containing an admixture of rosin, rosin oil, metallic rosinates, or 
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mineral oil. On the other hand, if the butyro-refraction falls belo\« 
80, then additions of poor drying or non-drying fatty oils must be 
looked for. Very small percentages are not detected by the butyro- 
refractometer, but such are not likely to occur in practice. 

The above table shows in how far the refractometer test coincides 
with the results of chemical analysis. 

INDICES OF REFRACTION OF DIFFERENT VEGETABLE OILS IN 
DESCENDING ORDER. 


on. 

1.5° C. 

2-2° C. 

Linseed . . . 

1-48U 

1-4788 

Camelina 

1-4806 

— 

Castor .... 

1-4799 

1-4773 

Hemp .... 

1-4777 

— 

Poppy .... 

1-4773 

1-4747 

• Mai/iO .... 

1-47665 

— 

Walnut 

1-4762 

— 

Mustard 

1-4749 

1-4723 

Jtape .... 

1-4748 

— 

Colza .... 

1-4745 

— 

Bcocli .... 

1 4745 

— 

Cotton .... 

1-4744 

1-4718 

Almond 

1-4741 

1-4715 

Sesame 

1-4740 

1 4714 

Earth-nut . 

1-4732 

1-4706 

Hazel-nut 

1-4716 

l-4()90 

Olive .... 

1-4705 

1-4680 


REFRACTION OF MARINE ANIMAL OILS. 



15° C. 

22° C. 

Cod-liver oil, pale 

1-4833 

1-4807 

Japanese fish oil 

— 

1-4805 

Fish oil 

1-4793 

— 

Seal „ . . . 

1-4784 

— 

Shark-liver oil . 

1-4775 

— 

Whale oil . 

1-4750 

1-4724 

Sperm „ . 

1-4665 

— 


^ , REFRACTION OF MINERAL OIL. 

15° C. 

. ID— 0-9066 1-5012 

RuBSianl I .4992 

. . ID— 0-910 1-5111 

Amencan|jj__Q.ggg l-iBU 

Russian 1-6015 

Valyoline|^^rican 1-4920 

Rosin oil 1-5126-1-5616 

In* 1895 Hefelmann and Mann used the Zeiss butyro-refracto- 
meter for testing boiled oil and found that the refraction of ai 


A 
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adulterated boiled linseed oil was from 80*6 to 84*2 at 25° C. Weger, 
however, showed in 1897 that these figures were unrelinble except 
for freshly made boiled oils, or boiled oils which have been carefully 
kept from contact with the air, and which had not been heated for 
long during their manufacture, and not to a higher temperature 
than 180° C. For such he confi.vmed Hefelmann and Mann’s re- 
sults fully. He showed that oxidation and the use of high tem- 
peratures in manufacture greatly increased the refraction of boiled 
oil, and in many cases to 97 or even 99 after 18 months’ exposure 
to the air. The influence of temperature suggests that the refracto- 
meter might be used to distinguish a boiled linseed oil, made 
drying by high temperature, i.e. by heating over a naked fire, from 
one made drying by dissolving siccatives in it at a comparatively 
low temperature. Unfortunately, the differences are not sufficiently 
great, and the expectation has not been realised. Consistency and 
smell are still the best tests. 

Von Neander’s values of the normal refraction are from 87 to 89, 
considerably above Hefelmann’s therefore, and if such a standard 
were adopted, Hefelmann and Mann’s figures would have to be 
taken as showing adulteration. As Weger has shown, however. Dr. 
Von Neander may have been experimenting with oxidised or highly 
heated oils. The use of monochromatic light, e.g. yellow sodium 
light instead of ordinary diffused light, in the refractometer tests has 
been recommended. In this way the refraction may be read to ap 
fraction of a degree. The following is the result of experiments 
conducted in the way suggested (K = refraction). A mixture of 
59'7 per cent, linseed oil (K = HIT) with 50*3 per cent, of rape oil 
(K = 67*2) gave at the same temperature of 25° C. (K - 75°), and 
one of 73*9 and 26*1 per cent, respectively (R = 77°). To use these 
results in determining an adulteration with rape oil, it is not necessary 
to calculate the indices of refraction as Von Neander does. The 
angles can be used themselves. The equation will be, if 

a = per cent, of adulterant present. 

X = refraction of pure linseed oil. 

y - „ of adulterant. 

2 = „ of mixture. 

100 (x - z) 

a « - — . • 

X - y 

From this equation we have for a fti the two cases of admixture 
with rape oil above given the values 43*9 and 28*7 respectively, so 
that the experimental results are as good as could be expected in 
such a case. 

It may be concluded that although refractometer analysis may 
be made to give fair results, with mixtures of known composition, 
it is not yet in a condition to give reliable results with the very 
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complicated mixtures of unknown composition to which it might be 
applied. * 

H. Woltf investigated how the addition of rosin to boiled oil 
specially affected its normal refraction. He used Zeiss’s butyro- 
refractometer at 15° and sodium light. By using six different sorts 
■of linseed oil, and five sorts of ro»in, he himself made a very large 
series of boiled oil in his laboratory and tested them with the follow- 
ing results : — 

TABLE SHOWING EFFECT OF THE PRESENCE IN SOLUTION OF 
DIFFERENT PERCENTAGES OP ROSIN ON THE INDEX OP RE- 
FRACTION OF BOILED LINSEED OIL. 



Low est 

Average 

Maximum 


iJutyronieter 

Butyrouieter 

Butyrometer 

• 

Degree. 

Degree, 

Degree, 

20 rosin-frce boiled oils 

86*2 

88-0 

91-2 

12 boiled oils with 8 per cent, rosin 

88-5 

90-0 

92-2 

12 „ „ „ 5 „ „ . 

Ul'8 

92-5 

94-0 

15 „ 10 

96-7 

97-6 

100-0 


Index of 

Index of 

Index of 


Refraction 

Refraction 

Refraction 

10 „ „ „ 15 

1-4890 

1-4920 

1-4975 

5 „ „ „ 20 „ „ . 1 

1-49G0 

1-4980 

1-6012 


* With boiled oils containing more than 10 per cent, of rosin, the 
whole field of view is illuminated. The boiled oil is then diluted 
with an equal weight of turpentine oil of known refraction and the 
mixture tested. If the index of refraction found be ny and that of 
the turps nt then the index of the boiled oil to be determined is 
X = 2’09 ng - 1’093 nt + 0’008, 

Wolff asserts that in all boiled oils with | a higher density and a re- 
fraction above 92, the rosin should be quantitatively estimated. 

TABLE SHOWING THE INDEX OF REFRACTION OF DIFFERENT 
FRACTIONS OP RUSSIAN, ALSATIAN, GERMAN, AMERICAN, AND 
BAKU PETROLEUM. (ENGLER.) 


Petroleum. 

« 

Fraetiou; J40‘’-160®C. 

190‘>-210'> C. 

J 

240°-260^ C. 

219°-310° C. 

Density. 

Index. 

Density. 

Index. 

Density. 

Index. 

Density. 

• 

Index. 

Tegernsee 

0-7465 

1-427 

0-7840 

1-437 

0-8130 

1-451 

0-8370 

1-466 

Pechelbronn . 

0-7550 

1-421 

0-7900 

1-440 

0-8155 

1-454 

0-8320 

1-462 

Oelheim . 

0-7880 

1-435 

0-8155 

1-450 

0-8420 

1-468 

0-8625 

1-480 

Pennsylvanien 

0-7550 

1-422 

0-7860 

1-439 

0-8120 

1-454 

0-8326 

1-463 

Baku 

0-7820 

1-436 

0-8196 

1-461 

0-8445 

1-467 

0 8640 

1-476 


"rtie above indices seem in some instances to overlap those of 
■spirits of turpentine and of some drying oils. 
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TABLE SHOWING THAT NO COERELATION EXISTS BETWEEN THE 


Liuseod for varniBh-making. . 
„ for paiut purposes 
„ from Indian seed 
Paint linseed oil N. 

Linseed oil W, throe years old,! 

not completely sealed . j 
Linseed oil of English origin, \ 
five years old, perfectly sealed j 


N AND THE FIGURES EXPRESSING THE 
PER CENT. * 

Butyro- 

Biityro- 

Average 

Relractomotric, 

Refrautometric 

Oxygeu Absorption 

I>gree 

Degree 

per Cent. 

at 25° C. 

« 

at 40° C. 

Glass-plate Tests. 

81*5 

72-5 


81-3 

72-4 

18-0 

80-2 

71-4 

17-1 

80-8 

— 

— 

82-2 

- 

16-4 

85-1 

7G-1 

19-8 


TABLE SHOWING FOlt TREATED LINSEED OIL, THAT IS, REFINED 
RAW LINSEED OIL AND BOILED LINSEED OIL, THAT THERE 
IS NO CORRELATION BETWEEN THE INDEX OF REFRACTION 
AND THE FIGURES EXPRESSING THE OXYGEN ABSORPTION 
PER CENT. OF SUCH OILS. 



Butyro- 

Refractonietric 

Butyro- 

ltelractometri(! 

Average Oxygen 
Absorption 
per Cent. 

Glass Plate 
Tests, 


Degree 
at 25° C. 

I >egTec 
at 25° C. 

Natural bleached, raw linseed 




oil (commercial) 

Paint oil A, Table 32, 11 months 

81*5 

— 


in beaker glass exposed to air 
Paint oil A, treated with fullers’ 

83-0 



earth at 80" 0 

Linseed oil, heated by superheated 

81-5 

72-5 

— 

steam to 250° C. . . . 

81*5 

72-5 

15-3 

Varnish linseed oil, Table 4, 
heated for 1 minute to 250° C. 
Paint oil A, heated for 6 hours at 

__ 

72-5 

- 

160° C 

Paint oil N, heated in test tube to 

— 

73-7 

— * 

about 280° C., freed from mucil- 
age 

81-0 



Paint oil A, heated in litre flask to 




280° C., demuciloginated , 

Faint oil, heated in litre flask to 

82*1 

— 

16-5 

roo° C 

82-6 

— 



Paint oil, heated for 40 hours to 


' 


180 to 190° C 

90-9 

— 

— 

Paint oil, heated 5 minutes to 360° 




C 

Linseed oil W., Table 1, heated 
in bulk from 100 to 140 and air 

; 102-3 


5*43 

blown, kept 3 years and not ab- 
solutely hermetically sealed 

84-2 


14-5 

Cold blown linseed oil, 8 years old 

83-4 

— 

— 

,, „ paint oil . 

— 

73-6 

— 

Paint oil A, warm blown . 

Cold blown from Indian linseed, 

1 — 

74-2 

— , 

Table 3 

Hot blown from Indian linseed. 

: 80-2 

— 

16-7 

150° C.. 20 hours 

1 92'fi 



— . 
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Gorrelatwn of Index of Bef faction and Iodine Absorption Per 
Cent . — lA the same way the iodine absorption is connected with 
the index of refraction as shown in table. 


TABLE SHOWING CORRELATION OF IODINE ABSORPTION PER 
CENT. OP LINSEED OIL WITH ITS INDEX OF REFRACTION. 
(THOMSON AND DUNLOP.) * 


Source. 

lodme No. (Wija). 

Butyro-Retracto- 
meter Degree 
at 25“ C. 

= Index of 
Refraction. 

Riga 

206-4 

85-5 


Petrograd 

200-0 

84-2 


North America • • • 

194-6 

83-2 


Calcutta ...*.. 

188-6 

81-7 


La Plata 

• 

186-6 

81-0 



But this parallelism, this simultaneous decrease of both factors 
can only apply to freshly expressed raw oil from fresh seed. 


FoLAllIMETRIC TeBTS. 

The researches of Bishop and Peters on the opticity of a number 
of oils show that with the exception of castor oil, croton oil, and 
rosin oil, only dextro rotations are produced by sesame (high) and 
olive oil (feeble), all the others, including linseed oil, being either 
optically inactive or having a slight lasvo-rotatory power. 

1. The Polarimetric Examination of Linseed Oil Sophisticated 

with Befined Bosin Oil (B.B.O.). — According to Aignan such a mixture 
rotates the plane of polarisation to the right by an angle perceptibly 
proportional to the quantity of rosin oil which it contains. If the 
rotation observed with a 200 millimetre tube be represented by [a]i>, 
and the weight of the rosin oil in 100 parts by weight of the mixture 
by A, we get in the case of a mixture of linseed oil with — 

1. Refined rosin oil [a]u = + \\h. 

2. Choice white rosin oil [a]j, = + j J h. 

3. Rectified rosin oil [a],, = + rJ h. 

The first mixture* is the most common. In actual practice, there- 
fore, alHlhfft has to be done is to measure [aju by the polarimeter, 
and to estimate h as refined rosin oil, according to the formula 
h = I The oils in question being dark in colour, it is better 
to work in a 100 millimetre tube and to calculate 

h = [a], = 

2. Estimation of Bosin Oil in Paint by the^ Polarimeter. — (a) A 
certain amount of the paint is frequently stirred and shaken up with 
ether and allowed to settle. The ether containing the oil in solution 
floats to the surface and the polarisation tube is filled with the ethereal 
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solution. If no optical deviation be produced, there is no rosin oil in 
the paint tested. On the other hand, if [ajp be the rotation towards 
the right with a 200 millimetre tube, according to Aignan’s researches 
on the rotatory power of an ethereal solution of linseed oil contain- 
ing rosin oil, the proportion of rosin oil may be calculated by the 
formula — 


h = 


^[d J 

“ 43 ^' 


{h) A known weight of the ethereal solution is run into a flask 
and heated on the water-bath at 100° C. (212° F.) so as to drive off 
the ether ; the oil which boils only at 300° C. (572° F.) is left in 
the flask. Let its weight be represented by The proportion 


^ 100 = per cent, of oil (linseed oil and rosin oil) contained in 


the ethereal solution examined by the polarimeter. If Ji} = h, it 
may be taken for granted that the paint contained linseed oil free 

from rosin oil. Generally is greater than h, then 100 will give 

the percentage of rosin oil contained in the linseed oil which was 
used to make the paint. 


THE ROTATORY POWER EXERTED ON THE PLANE OF POLARISA- • 
TION BY VARIOUS OILS ACCORDING TO DIFFERENT OBSERVERS. 






Authorities. 















Bishop. 

Peters. 

Toxier. 

(hrard. 

Arachis 


-0-4 

- 21 to -f 0*5 

0 to + 01 

- 0'3 

Beech 


— 



- 1 

- 0'8 

Camelina . 

— 

— 

0*7 

- 2-3 

Castor 


— 

40-7 

-f 38-5 to - 48 

+ 43 

Colza 

f French, 
Japan 

-2-n 

-1-6/ 

-0-53 to -1-8 

- 1-3 to - 21 

- 0-8 

Cotton 


-0*7 

- 1-3 

- 1 

Croton 


— 

+42-5 

— 

+ 46 

Hemp-seed 

_ 

— 

- 0-7 

- 0-5 

Linseed 


-0-3 

-0-3 

- 0*7 to 0-4 

— 

Maize 






- 1*3 



Olive 




( Lubricating +l*0tol -3 ) 

+ 0-5 


+0'6 

+ 0-4 to 1 

^ Burning + 1*0 i 

*■ 




iEdible-fO'7 j 


Poppy 


0 

-01 to -0-7 

- 0-3 to - 0-5 ‘ ' 

— 

Rape 

. 

— 

— 

- 1*3 

+ 1-0 


'old 

+ 3-1] 


* 



hot pressed 

+ 7-2 




Sesame- 

1878 

+ 4-Gh 

+ 5 

+ 6 to -1- 61 

+ 5 


1882 

+ 3*9 





India 1884 

+ 7*7 j 




Stillingia 

— 

— 

— 

— 





( 

-6-45® in 

Walnut 

. 

-0-3 

-0*3 

- 0*7 to - 0-4 } 

20 mm. 
tube ='+29 





i 

Sacch. ® 

Wood 

. 

— 

— 

0 

— 
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OPTICAL DEVIATION OP ROSIN OIL AND MINERAL OILS. 





Boain Oils, 

Mineral Oils. 

D = 1000 

+ 51-7 

Russian D = 0-906 to 0-^K)8 + 15*0 to + 19 

9685 

+ 44-4 

AmoricalJ D = 0*883 to 0*910, 0 to + 2 

9849 

+ 41-2 

Russian Valvolines D = 0*914 + 22*4 to + 26*5 

9768 

-38-7 

American Valvolines D = 0 882 to 0*890,0 to + 0*8 

9805 

+ 36-0 

— 

9854 

- 30-7 

— 

9898 

+ 26*0 

— 



CHAPTEE IX. 


THE ADULTERATION OP LINSEED OIL. 

Oil Crushing. Hot and Cold Pressed Linseed . — Ketel and An* 
tusch found iodine values under 106 in oil extracted from powdered 
linseed-oil cake. Microscopic examination showed that the original 
seed had contained less than 10 per cent, of foreign seed. The ex- 
tracted fatty matter was not rancid, but white, solid, and granular, 
and in several instances gave, with alcoholic silver nitrate, a decided 
reaction characteristic of cotton-seed oil. Van' Ketel and Antusch 
concluded that the oilcake contained an addition of foreign fat. 
Mastbaum did not agree with this conclusion, arguing that during 
pressing a flow of different glycerides may take place, and that the 
lighter fluids would be the first to leave the press. Fasz bender and 
Kern have shown that this actually takes place. Five kilogrammes 
of linseed with 9 per cent, of foreign seed, of which 6'3 per cent.^ 
was cruciferous seed, were divided into two portions, of which one 
portion was prepared, the other not. Then both were pressed first 
in the cold, then hot pressed, then extracted with petroleum ether 
and then the iodine values of the oils determined. The extracted 
oil amounted to 37 per cent. 


TABLE SHOWING VARIATIONS IN ANALYTICAL RESULTS OF COLD 
AND HOT PRESSED LINSEED OILS. 



Prepared. 

Unprepared. 

Oil Content 
of Residue. 

I. Cold pressed 

180*3 

180*5 

25 per cent. 

II. Pressed at 70'’ C 

180*3 

1 175*3 

12 „ 

III. ^Extracted by petroleum ether . 

179*9 

162*5 

(1 


The first point in connection with tlie impurities in linseed oil is 
that of their origin, viz. one class of impurities is due to the contamina- 
tion of the oil seeds with other seeds. If these foreign seeds be oil- 
free seeds they have little effect on (a) the yield of oil, or {b) its quality. 
Their effect is negative, but if they be oleiferous then their oil content 
is mixed with that from the linseed and affects the chemical com- 
position of the linseed oil crushed from such impure seed. Accord- 
to Wijs (1) Dutch seed contains little foreign seed ; (2) La Plata seed. 
(170) 
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has most ; 5 per cent, at least, but almost exclusively oil-free seed. 
Again ( 5 ) British-Indian linseed rarely exceeds 6 per cent, of 
foreign seed, and these are mostly oil -free, but occasionally 1 per 
cent, of brassica (rape-seeds). There comes from (4) Calcutta, 
a very inferior grade of linseed which is said to be shipped with as 
much as 20 per cent, of foreign* oleiferous seeds ; (5) South Bussian 
Black Sea seed is apparently pure, but it mostly contains brassica 
seeds. Again (6) North Russian Baltic seed is impure — 5 per cent, is 
little of foreign seeds, 10 to 20 per cent, is often present, and if higher 
constants be found only brassica and camelina seeds are present; 
(7) North American seed is apparently always pure, and such foreign 
seeds as are present are seldom oleiferous. Baszbender and Kern 
found seed to contain up to 10 per cent, of foreign seed, chiefly 
cruciferous, such as rape, brassica, hedge mustard, raphanus, mus- 
tard sinapis. According to the specification of the Incorporated Oil 
Seed Association of London, good linseed should not contain more 
than 4 per cent, of foreign seed. The manner in which the oil from 
the above-known seeds affects the known constants of linseed oil is- 
shown in the following table. 

TABLE SHOWING THE IODINE VALUE OF (a) LINSEED OIL ; (6) OP . 
THE OILS FROM THE FOREIGN SEEDS WITH WHICH ]T IS 
LIABLE TO HE MIXED. THE FIGURES ARE THOSE OF KETEL 
AND ANTUSCH. THE OILS ARE EXTRACTED BY PETROL-ETHER. 


Oils troiii— I I()(iinii Value of the Oil. 


Pure linseed | 1B1-1H7 

„ camelina seed I 146 

„ colza seed I 101 

90 per cent, linseed -r 10 camelina . . . . ! 179 

85 „ „ -i- V) „ . . . . 172 

80 „ „ -f- 20 170 

90 ,, „ + 10 colza .... 178 

85 ,, ,, -i- 4 camelina + 11 colza , 174 

90 „ „ + 3 „ 4- 4 „ . . 170 


Foreign seeds in linseed, therefore, alter the composition of the 
linseed oil extracted therefrom in the same way as when other oila 
are ad^g^io it. Of the four oils here given (1) hedge musmrd oil, , 
raphanus, is not crushed for oil ; (2) mustard seed is, as a rule, dearer ^ 
than linseed ; (3) camelina oil is seldom met with ; and (4) rape. In 
Belgium, Holland, the Balkan States, and Russia the plants are 
extensively cultivated, and L. E. And6s asserts that linseed oil can be 
mixed with its own weight of camelina seed without affecting its drying 
properties. But it has already been pointed out that in linseed oil-: 
crushing other points require attention besides the suitability of the 
oil for its intended use. Now the oil from camelina sativa leaves" 
a residual cake which is too acrid for cattle (“ Gardener’s Chronicle," 
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1843, p. 678). If therefore the oil crusher receives a cargo of linseed 
containing camelina seed, he is running a great risk of having all the 
oil cake from it thrown on his hands if he accepts delivery. The 
crusher must bear in mind that the agricultural chemist applies two 
organoleptic tests to linseed cake, and it is a dne qua Jion they should 
pass both taste and smell. A linseed-oil cake acrid from camelina, 
or other cruciferous seed, e.g. rape, will most certainly be condemned. 

If oil chemists, pure and simple, gloss over such points the crusher 
cannot. Besides oil containing cruciferous oils are liable to darken 
when used as a vehicle for white lead. 

TABLIC SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OF LIN- 
SEED OIL, CAMELINA OIL, RAPE OIL, MUSTARD OIL, HEDGE MUS- 
TARD OIL. 



Linseed 

Oil. 

Camelina 

Oil. 

Rape Oil. 

Mustard - 
seed Oil. 

Hedjre 
Mustard OH. 

rfH • • • • 

0-930-0-936 

0*923-0'927 

0-913-0-917 

0'91 0-0-920 

0-9175 

Solidification-point . 

- 8 to 20'’ C. 

-18tol9°G. 

0to-0°C. 

- 17-5° C. 

Below 0-8° C. 

Index of refraction . 

80-86 

— 

07°-G9-2 

69 

— 

Acid number 

Up to 6 

— 

Up to 4 

Up to 3 

— 

Saponification number 

189-195 

185-188 i 

107-179 

174-182 

174 

Iodine number . 

170-200 

] 35-153 i 

94-100 

103-122 1 

105 

Un»aponifiable . 

Up to 27^ 

— i 

l-0-l-6°/. 

— 

— 

Melting-point of fatty 
acide 

17-21° 

18-20° 

10-22° 

15-17° 


Solidification-point of 
fatty acids 

13-17° 

13-18° 

12-18° 

16-5° 

- 


It will be seen that all four oils lower the density, saponification 
number and iodine number. 

Bape Oil . — Adulteration with rape oil occurs when the addition of 
as little as 10 per cent, s profitable owing to the high price of linseed 
oil. Such an addition would affect the constants of linseed oil. Rape 
oil contains an unsaturated fatty acid, characteristic of the fatty acids 
of all cruciferous oils, erucic acid, which limits the high 

molecular weight and the lower saponification value of rape oil. 
Erucic acid is differentiated from the homologue of oleic acid by its 
high ifi.p., 34" C., also by the difficulty with which its ka^^salt dis- 
solves in ether. 

Detection of Rape and other Oils iii Linseed Oil . — The easiest, 
quickest, and best way to detect colza oil (commercial) or ordinary rape 
oil is by the elaiden test, which blackens in contact therewith. During 
an experience of many years the author never came across a sample 
of commercial colza or rape oil that did not respond to this test by 
blackening. Holde and Marcusson’s method. — From 20 to 25 grammes 
of the fatty acids of the oil to be tested are mixed with double their 
volume of 96 per cent, alcohol, and the solution cooled, in a wide 
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test tube whilst stirring with a glass rod, and by the aid of a freezing 
mixture, to - 20° C. A precipitate occurs which consists chiefly of the 
saturated fatty acids of linseed oil, myristic, and palmitic acids. It is 
drained in a cold funnel at - 20° C. and washed with cooled alcohol. 
The filtrate is evaporated, the residue dissolved in four times its 
volume of 75 per cent. alcohol,^and the solution cooled to - 20° C. 
If rape oil be present, after a lapse of an hour a crystalline precipitate 
of erucic acid occurs. It is drained and washed with 75 per cent, 
alcohol. It then appears pure white, but besides erucic acid it con- 
tains other acids, the removal of which is not necessary. The acid 
mixture is dissolved in much ether or benzol, the filtered solution 
evaporated, and (1) the melting-point, (2) acid value, and (3) molecular 
weight determined. The melting-point is under 30° C., the molecular 
weight between 310 and 320, and the iodine number about 00, erucic 
acid 75‘1, of the other vegetable oils known to be used as linseed oil 
adulterants ; the principal ones are, (1) cotton-seed oil, (2) maize oil, and 
(3) soya-beah oil. (1) Cotton-seed oil is derived from the seeds of 
the cotton plant, and produced since the sixties of last century in 
large quantities, chiefly in the U.S.A., and after suitable refining brought 
on to the markets of the world ; (2) maize oil is another U.S.A. product, 
extracted from the germ of the seed of zea mais. In the U.S.A. its manu- 
facture has, of late years, become very important ; (3) the soya bean is 
the product of a shrubby plant, up to now almost exclusively culti- 
vated in Manchuria. It first appeared on the world’s markets a few 
years ago. The first cargo was landed in Germany in 1910. All 
three oils are pale yellow in colour, and when refined almost without 
taste and smell. Their constants are given in the following table, 
with those of linseed oil in parallel column for better contrast. 


TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OF 
LINSEED, COTTON-SEED, MAIZE, AND BEAN OILS. 



Linseed OH. 

Cotton-seed 

Oil. 

Maize Oil. 

Chinese 

Bean Oil 
(Soya). 

Specific gravity at 15° C. 

0-930-0-936 

0’922-0-930 

0-921-0-924 

0-924-0-929 

Solidification-point 
Butyro-refractomer • 

-8to-20°C. 

-lto-f4°C. 

-10 to -15°C. 

- 14 to- 15° C. 

Degree . 

Equal index of 

refraction of acid 

80-85 

67-75 

77-5 

~ 

number . 

Up to 6 

1 

— 

Up to 5 

Saponification number 

189-195 

191-198 

188-193 

190-193 

lo^ne number . 

170-200 

101-117 

111-130 

121-137 

Hexabromide number . 

22-87 

0 

0 

D2-2-9 

Unsaponifiable . 
Melting-point of the 

Up to 2°/, 

0-7tol-7 % 

1-3 to 1-6 °/^ 

0-2 

fatty acids 

Solidifying-point of the 

17-21° C. 

34-43° 0. 

16-23° C. 

26-29° C. 

fatty acids 

13-17° 0. 

28-36° C. 

13-16° C. 

23-25° 0. 
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The high melting-point of ootton-seed oil fatty acids, with their 
wide range of melting-points, is characteristic. It also com/is on the 
market as stearine-free cotton-seed oil, which during prolonged storage 
in the cold has deposited a large amount of its solid glycerides. For 
the special detection of cotton-seed oil many different colour reactions 
are given, but none of them are free from objection, at least none such 
as are to be found in the literature. The silver nitrate test, according 
to Milian, is applied thus; Five c.c. of the mixed fatty acids are 
•dissolved in 15 c.c. of 90 per cent, alcohol, the solution heated to 
incipient ebullition, then 2 c.c. of silver nitrate solution, 30 grammes 
in 100 c.c. of water, added. Two per cent, of cotton-seed oil gives 
a characteristic brown colour. 

In Ilalphen’s reaction a 1 per cent, solution of sulphur, in carbon 
disulphide, acts as the reagent. Equal volumes of amyl alcohol and 
the above solution are shaken in a test tube (for ^ to hour), placed 
in a boiling solution of common salt, the CS^ is evaporated to about 
5 per cent., when the cotton-seed oil assumes an orange-red to red 
coloration. 

Soya-bean oil as a new comer has been little studied. Its “ con- 
stants,” to some extent, approach those of linseed oil, so that small 
quantities in linseed oil would be difficult to detect. Meister found 
it so. Meister regards soya- bean oil as a fair drying oil. But it has 
several drawbacks. It bleaches better than linseed oil but darkens 
more on heating with driers. Moreover, the oil skin or coat obtained 
from bean oil is softer and more easily abraded. Finally, bean oil 
and the boiled oil derived from it exhibit peculiar properties. It does 
not dry out to a uniform film like linseed oil but generally in irregular 
flakes and streaks which dry lustrous, whilst the smooth paint dries 
flat. Apparently it can only be used in admixture. Meister limits 
the amount of bean oil that can be added to linseed oil to 25 or 35 
per cent, at the most. 

Linsieed Oil Sophisticated with Maize Oil . — As to maize oil its 
■detection is much more delicate ; a colour reaction has been given for 
its detection in linseed oil, but it has not been confirmed. If the ad- 
dition of concentrated sulphuric acid gives a characteristic grey colour 
lasting for a minute, then the solution of the oil in carbon disulphide 
gives a violet colour with a drop of concentrated *sulphuric within 24 
hours.o Moreover, maize oil contains sitosterin instead of the usual 
phytosterin of m.p. 137*5 to 138, and this fact is utilised in it^letection. 

The iodine number of maize oil is too high, altogether abnormal, 
thus differing from the iodine number of number 2 and the iodine 
numbers of different authorities : 123*3 to 124*6 Tortelli and Euggieri, 
116*3 Smetham, 130*8 Lewkowitsch, 122*7 Archbutt. Cotton-seed 
oil will lower the percentage of liquid fatty acids in linseed oil to a far 
greater extent than maize oil or any other vegetable oil. 

Linseed Oil Sophisticated with Fish Oils . — Several fish oils Ure 
.added to linseed oil. Their usually high iodine number favours the 
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TABLE OP COMPARISON OP PHYSICAL AND CHEMICAL DATA OP 
TWO POSSIBLE ADULTERANTS OP LINSEED OIL, VIZ. COTTON- 
SEED OIL AND MAIZE OIL. 




a 



oS w 

d 



Butyro- 
Refractomete 
Degrees at 25° 

aponiticatio 

Number. 

Iodine 

Number. 

Acetyl 

Number. 

% 

S « 

Maumene 
st Degrees 

a TJ 
'1^ 


X! 




Eh 


Cotton oils : — 








Cotton planters 

68 

194-07 

107*15 

19*49 

112-5 

68-5 

86 to 37 

Aldigo 

67-25 

194-87 

104-75 

20-06 

111*5 

63 

»» 

Delmonus 

G7-26 

200*4 

106*62 

28*04 

118*2 

66*5 

>* 

Cotton-park . 

68-28 

194*45 

107-1 

19*28 

118-06 

58 

»i 

Maize oil 1 . 

71-25 

188-11 

147-60 

20*58 

161-40 

78*5 

18 to 20 

n „ . . 

70 

180-82 

124 5U 

22*75 

180*20 

72 



adulteration. ^The chief adulterants are (1) commercial cod oil (the 
medicinal oil is too dear), (2) sardine oil, and (3) more especially in 
U.S.A., menhaden oil. Cod oil comes from Newfoundland, Norway, 
and the East Coast of Great Britain, the oil is sometimes allowed to 
exude from the livers spontaneously, or it is expressed. Sardine fish 
oil, from the Spanish coast, is obtained from a well-known small fish. 
In the literature its composition is mixed up with Japanese fish oils, 
but that is not correct. The Spanish sardine oil has the highest 
•iodine number of any fish oil, whereas most Japanese fish oils have very 
low iodine numbers. Menhaden oil is obtained on the coast of North 
America, from a fish allied to the herring ( ? mackerel). Figures for 
fish oils vary greatly, partly owing to the condition in which they are 
marketed, through freeing the oil by cooling from a portion of its 
solid glycerides, fish tallow and such oils differ to the extent and 
manner in which the crude oil has been freed from solid fat. J. 
Hertkorn tried by extreme cooling under specially elaborate conditions 
to force the oil to deposit its solid fat and to use the thin fluid oil so 
obtained as a linseed oil substitute. 


TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OP 
LINSEED OIL, GOD OIL, SARDINE OIL, AND MENHADEN OIL. 



f 

Linseed Oil. 

Cod Oil. 

Sardine Oil. 

Menhaden 

Oil. 

Specific gravity at 15° C. 

0*930-0*936 

0-920.0-930 

0*928-0*934 

0*925-0*933 

Solidification-point 

-8to-20°a 

Mostly over 0° 

Mostly over 0“ 

— 

B u t y r 0 -refractometric 
degree 

80-85 

80-86 

■ 

80-83 

Equal to an index of re- 
fraction of acid number 

Up to 6 

Up to 25 

Up to 20 

Up to 16 

Saponification number . 

189-195 

182-187 

188-194 

188-193 

lodiqe number 

170-200 

160-170 

170-200 

145-176 

Hex^romide number . 

22-87 

38-43 

— 

— 

Unsaponifiable 

Up to 2 

Up to 2 

Up to 2 

Up to 2*2 
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The characteristic smell of fish oil is the chief method of detecting it* 
But almost odourless sorts are on the market. The smell of the original 
fish oil, however, reappears when the deodorised oil is warmed by rub- 
bing between the palms of the hands. Bearn, on treating a suspected oil 
with steam and collecting the distillate, found an unmistakable fish 
smell. Even 2 per cent, of fish oil can be so detected. A whole 
series of colour reactions are giverl for the detection of fish oil, but 
none are reliable. On the other hand, the unsaponifiable should lend 
itself without objection to the detection of fish oil, but up to now no 
such research has succeeded. Lippert sejDarated the unsaponifiable 
from a fish oil and examined it closely. He obtained a thick un- 
pleasant-smelling oil readily soluble in acetic acid, like rosin oil ; the 
solution gave with acetic acid a blight red colour. Later he isolated 
cetyl alcohol from the unsaponifiable with a m.p. of 50° C. Up 
to now that alcohol has only been identified with certainty in 
walrus oil. Cholesterin occurs in ordinary fish oil. It has been 
already shown that linseed oil unsaponifiable on three crystallisations 
from absolute alcohol yields phytosterin crystals of m.p. 137‘5 to 
138° C. Fish oil does not seem to be capable of detection in this 
way nor by the so-called phytosterin acetate test. In that test the 
unsaponifiable from 100 grammes of oil and 2 to 3 grammes of acetic 
anhydride are heated to boiling for j- hour in a small porcelain basin, 
covered with a watch glass and the excess evaporated on the water- 
bath. The resulting acetyl-ester is as often as possible crystallised 
from absolute alcohol and its melting-point determined. Phytosterin 
acetate from linseed oil melts at 128 to 129° 0. The cholesterin 
acetate from pig’s fat melts at 113’6° 0. H. Bull separated highly 
unsaturated fatty acids from fish oil, their sodium salts being sol- 
uble in a little absolute alcohol containing ether. lie believed such 
fatty acids maybe used to detect fish oil in linseed oil. On the other 
hand, Frujimoto isolated from various fish oils an unsaturated fatty acid 
with four double bonds, clupadonic acid, C^gHj^gOo, and in the form of 
its octobromide, CjgHggBrgOg, insoluble in ether. This octobromide 
is differentiated from hexabromlinolenic acid, of m.p. 175 to 180° C., 
by the fact that it blackens at 200° C. By aid of this property 10 per 
cent, of fish oil can be detected in linseed oil. 

Adulteration of Baw Linseed Oil . — Amongst other adulterants than 
glycerides, mineral oil, rosin oil, and rosin occur, whilst the first-named 
oil, linseed oil, still remains so cheap that even slighi-^"lteration 
therewith is profitable. Rosin was formerly cheap, as low as 2s. 6d. per 
cwt., and in those days rosin oil was the classical — the one and only — 
adulterant, but in the last three decades rosin has risen in price 
twelvefold or more and now rivals some of the cheaper copals. 
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TABLE SHOWING CHEMICAL AND PHYSICAL CONSTANTS OP LIN- 
SEED, MINERAL AND ROSIN OILS, ALSO ROSIN. 



Linseed Oil. 

' Mineral Oil. 

Rosin Oil. 

iiosin. 

Rpecifie gravity at 15^ C. 

0-930-0-93r) 

t 0-8.0-920 

0-96-0-990 

About 1-1 

Refraction at 15° C. 

] •484-1-488 

, 1-439-1-508 

1-.53G -1-550 

1-648 

Acid number . 

Up to 6 

! 0 

Up to 50 

140-180 

Saponification number . 

189-195 

j Up to 3 

Up to 65 

160-190 

Iodine iiumbi^r 

170-200 

1 Up to 14 

45-48 

140-180 

Unsaponifiable . . ' 

1 Up to 2 p.c. 

97-100 p.c. 

70-90 p.c. 

Up to 15 p.c. 


Muieral Oil as an AdnUerant of Hatv JjimcM Oil . — Mineral oil 
used to reduce linsee 1 oil consists of a certain fraction from crude 
petroleum or certain fractions of shale oil distillates — fractions which 
ari exclusively urisaponifiable hydrocarhides. Its acid number is 
therefore 0, aUhou^^h some sorts contain traces of sulphuric acid from 
the relinin". The saponification number should likewise be 0, al- 
thouirh, as a rule, on treatment with alcoholic potash, 1 or 2 per cent, 
is absorbed. The saponification number and the iodine number of 
linseed oil are necessarily lowered by mineral oil, whilst the per- 
centage of unsaponifiable is increased. Qualitatively the presence 
of mineral oil in linseed oil in not too small a quantity is detected by 
the so-called water reaction. One gramme of the suspected oil is heated 
in a test tube, with constant shaking, with 5 c.c. double normal alcoholic 
potash. Pure linseed oil gives, after a few minutes, a clear soap 
solution, which remains clear on the addition of water. Linseed oil, 
containing mineral oil, does not give a clear solution, even on long boil- 
ing, and on the addition of water turbidity persists. The insoluble 
mineral oil separates out on long standing. With a small amount of 
mineral oil the alcohol solution may remain clear, but on adding water 
it becomes cloudy. Thoms and Fendur have shown that pure linseed 
oil contains less than 2 per cent, of a homogeneous wax-like mass, 
completely soluble in warm alcohol, with an iodine number of 80 to 90. 
On the other hand, the unsaponifiable in the presence of mineral oil is 
in greater part fluid, from which phytosterin crystals separate out on 
heating with 90 per cent, alcohol. Small drops remain undissolved. 
The weight is more than 2 per cent, and the iodine number below 80. 
In a specialise a linseed oil gave 2*86 per cent, unsaponifiable, with 
an iodine number of 38' 2. A pure linseed oil was mixed with 2 per 
cent, mineral oil, and on analysis the percentage of unsaponifiable 
had risen from 1*05 to 2'82, and the iodine number fallen from 83’9 
to 35 per cent. Therefore the opinion that the suspected oil contained 
2 per cent, mineral oil was confirmed. It is to be remarked that such 
a small percentage need not necessarily imply adulteration, as the 
hydraulic presses in oil mills instead of water are often sprinkled 
with mineral oil, from which a small quantity may pass into the 
VOL. I. 12 
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expressed oil. Again it is possible during the analysis for light 
mineral oil on prolonged heating to 90 to 100'’ C. to lose at most 
a per cent, or two of its weight. 

liosm Oil as an Adulterant of Baw Linseed Oil . — Rosin oil is pro- 
duced by the dry distillation of rosin ; it consists mostly of hydro- 
carbides, but it may also contain a pertain content of rosin acids and 
anhydro-derivatives of the same. It does not therefore lower the iodine 
number nor the saponification number of linseed oil to such an ex- 
tent as mineral oil. On the other hand, it increases the specific gravity 
and the degree of refraction, but more especially the optical deviation, 
which of linseed oil is practically nil, but is increased up to 50“ in the 
presence of rosin oil. Argnan first used this test for the detection of 
rosin oil in linseed oil. Mineral oil differs from rosin oil by its high 
iodine number and by its greater solubility in alcohol, therefore greater 
quantities are required for the water reaction. Finally rosin oil with- 
stands the action of nitric acid to a much less extent than mineral 6 il. 
If a mixture of both be heated with nitric acid of specitic gravity 1*2, 
diluted with water and shaken up with ether, almost all the mineral 
oil is separated. The Storch-Morawski test^ applies not only to 
rosin oil but to the mother substance, rosin itself. One to three 
drops of oil to be tested are heated to boiling in a test tube with 
2 to 3 c.c. acetic anhydride. On complete cooling one drop of con- 
centrated H 5 JSO 4 is added without running down the inner side of 
the tube. On gentle shaking a beautiful violet fugitive coloration is 
produced. 

Source of Bosin . — Rosin remains as a residue when turps is dis- 
tilled from turpentine-oleo-resin. It consists chiefly of abietic acid, 
CjoHayOjj, an unsaturated cyclic acid with two double bonds but con- 
taining a small quantity of hydrocarbides. Dissolved in linseed oil it 
increases the viscosity (consistency-body), the specific gravity, and the 
acid number. On the’ other hand, the saponification number and the 
iodine number, as well as the unsaponifiable, are not influenced to a 
very appreciable extent. The index of refraction, as with rosin oil, 
rises, e.g. R. Schinck found' the refraction of a linseed oil at 40“ C. to 
be 71 ’5 butyro-refractometric degrees ; the same oil with 20 per cent, 
rosin from various sources gave 90'7 to 92*3“. Under the water re- 
action rosin behaves normally. For the detection of small quantities 
of rosin the suspected sample of linseed oil is treated with 80 per cent, 
alcohol ; rosin when present in quantity will be fountf^ the evap- 
orated residue. Abietic acid is distinguiBhpd from fatty acids by the 
fact that on leading gaseous HCl into the alcoholic solution, it is not 
etherified. Twitchell has accordingly based a method for the quanti- 
tative estimation of rosin. This method has been made handier by 
H. Wolff. The estimation of rosin, in a rosin fatty acid mixture, is 

1 This test is better known as the Liebermann- Store h reaction. The reader 
will notice that the test has been previously referred to by the author for some 
reason or other as the Storch-Morawski test. 
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determined thus : 100 c.c. alcohol (95 per cent., or absolute) are at 
summer tqpiperature mixed with 20 to 25 c.c. concentrated HgSO^, 
and 0*5 gramme ground potassium hisulphate. Five grammes of 
the fatty acid mixture to he tested are dissolved in 15 c.c. absolute 
alcohol and the solution heated with 30 c.c. of the above alcoholic 
H 2 SO 4 , etc., for 10 to 15 minutes, in a reflux condenser. From 400 to 
500 c.c. of water are added through the condenser tube, and the fluid 
shaken with a mixture of ether and petroleum ether. The extract is 
' washed three times with water, then mixed with 4 pai-ts of alcohol, and 
neutralised with \ normal soda NaOH. The result is calculated 
to abietic acid, the molecular weight 350 being adopted. As a control, 
the rosin acids may be estimated by the gravimetric method. 

Effect of Adulterants on the Dryimj of Raw Linseed Oil. — Linseed 
oil is the drying oil par excellence, if we know a priori that all 
adulterants and doctored products impede its drying. The oxygen 
absorption is in that case lowered. The falsification of linseed oil by 
other oils prevails to some extent, especially when it attains an ab- 
normal market figure. Well-known semi-drying oils are used as lin- 
seed oil substitutes, resulting in the drying process of linseed oil 
being affected. In two special researches soya-bean oil and different 
fish oils have been found. 

The following results were obtained by comparative tests with 
linseed oil and bean oil. also mixtures : — 

I 

EFFECT OF ADULTERATION WITH SOYA-BEAN OIL ON DRYING 
AND WEIGHT OF OXYGEN ABSORBED PER CENT. COMPARED 
WITH LINSEED OIL. 



Time of 
Drying, 
Hours. 

Oxygen 
Absorption, 
Per Cent. 

Linseed oil, raw 

78 

19*6 

Bean oil, raw 

144 

lG-9 

Linseed oil bleached by fuller’s earth , . . . 

72 

20-7 

Bean oil . . 

120 

101 

Linseed oil 1 hour heated to 250° 0 

72 

18-7 

Bean oil 1 hour heated to 250° C. . . 

114 

18-3 

75 parts B., 26 parts L., raw . . . . . 

138 

17-3 

50 t. 50 „ ,, • 

114 

15-7 

25 „ 75 ^ 

114 

15-0 • 

Linseed oTi with 2 per cent, manganese rosinate 

8 

17-9 

Bean oil with 2 per cent, manganese rosinate . 

13 

18*7 

Linseed oil with 2 per cent, lead rosinate . 

36 

17*2 

Bean oil with 2 per cent, lead rosinate 

52 

16-4 

Linseed oil with 2 per cent, lead manganese rosinate . 

7 

18*1 

Bean oil with 2 per cent, lead manganese rosinate 

18 

15-4 

76 parts L., 26 parts B., 2 per cent. mn. rosinate 

14 

14*1 

75 „ „ 26 „ „ 6 „ pb. mn. rosinate . 

8 

4*1 
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OXYGEN ABSORPTION PER HOUR OP : (1) RAW LINSEED OIL. (2 
RAW SARDINE OIL. (3) BOILED LINSEED OIL. (4) BOILED SAR 
DINE OIL; AND (5) A MIXTURE OF 75 PER ( ENT. LINSEED Oil 
AND 25 PER GENT. SARDINE OIL. (MEISTER.) 







Boiled Oil : 

Hours. 

Linseed 

Oil. 

Sardine Oil. 

Boiled 

linseed 

Boiled 

Sardine 

75 per Cent. 
Linseed. 



Oil. 

Oil. 

25 per Cent. 






Sardine. 

1 


3*8 




2 

0-1 

7-2 

— 

12-] 

— 

3 

0-3 

10*1 

5*7 

17*2 

10*9 

f) 

0-5 

14*1 

12*2 

19*7 

13*5 

8 

— 

15*8 

— 

— 

16*5 

9 

0-6 

16*7 

14*8 

— 

15-6 

10 

— 

- 

— 

19*8 

— 

11 

— 

17*9 

— 

— 

— 

12 

0-7 

— 

— 

19*8 

15*9 

22 

— 

19*9 

— 

17*7 

— 

24 

4-2. 

— 

16*3 

— 

— 

28 

— 

18*3 

— 

— 

— 

30 

— 

— 

14*2 

— 

— 

48 

9-8 

18*9 

12*4 

15*6 

15*1 

54 

10*2 

— 

— 

— 

— 

72 

16-8 

16*1 

12*2 

14*7 

— 

75 

19-2 

15*6 

— 


13*1 

96 

— 

10*4 

— 

— 

— 

120 

19-0 

10*2 

12*3 

15*2 

12*9 

144 

18-7 

16*1 

12*2 

14*9 

— 

168 

— 

15*9 

— 

14*2 

— 

200 

— 

15*0 

12*0 

13*8 

12*7 


U.S.A. STANDARDS FOR RAW LINSEED OIL. 



'1. 


3. 

4. 

Specific gravity at 15*5° C, . 

0*9345 

0*9329 

0*9333 

0-9342 

„ „ at 25° C. . , 

0*9299 

0-9284 

0*9285 

0-9295 

Turbidity and foots 

Moisture and volatile matter 

0*78 c.c. 

0*35 

0*40 

0-65 

(a) 

(ft) 

0*056 per cent. 

0-082 

0-171 

0*051 

0-041 „ 

0*078 

0-191 

0 044 

Ash 

0*136 „ 

0-024 

0*038 

0-156 

Acid number in MgsKOH . 

1-11 

e-335 

1*79 

1-54 

Saponification number 

190-76 

190-5 

192-2 

190*4 

Unsaponifiable matter . 

1-00 

0*956 

«^72.. 

1-01 

Refractive index . 

1-4798 

1-4795 

1-4797 

1*4797 

Iodine number 

186-36 

188-9 

186*37 

185-1 
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OXYGEN ABSORPTION PER HOUR OP : (1) RAW LINSEED OIL. (2 
RAW SARDINE OIL. (3) BOILED LINSEED OIL. (4) BOILED SAR 
DINE OIL; AND (5) A MIXTURE OF 75 PER ( ENT. LINSEED Oil 
AND 25 PER GENT. SARDINE OIL. (MEISTER.) 







Boiled Oil : 

Hours. 

Linseed 

Oil. 

Sardine Oil. 

Boiled 

linseed 

Boiled 

Sardine 

75 per Cent. 
Linseed. 



Oil. 

Oil. 

25 per Cent. 






Sardine. 

1 


3*8 




2 

0-1 

7-2 

— 

12-] 

— 

3 

0-3 

10*1 

5*7 

17*2 

10*9 

f) 

0-5 

14*1 

12*2 

19*7 

13*5 

8 

— 

15*8 

— 

— 

16*5 

9 

0-6 

16*7 

14*8 

— 

15-6 

10 

— 

- 

— 

19*8 

— 

11 

— 

17*9 

— 

— 

— 

12 

0-7 

— 

— 

19*8 

15*9 

22 

— 

19*9 

— 

17*7 

— 

24 

4-2. 

— 

16*3 

— 

— 

28 

— 

18*3 

— 

— 

— 

30 

— 

— 

14*2 

— 

— 

48 

9-8 

18*9 

12*4 

15*6 

15*1 

54 

10*2 

— 

— 

— 

— 

72 

16-8 

16*1 

12*2 

14*7 

— 

75 

19-2 

15*6 

— 


13*1 

96 

— 

10*4 

— 

— 

— 

120 

19-0 

10*2 

12*3 

15*2 

12*9 

144 

18-7 

16*1 

12*2 

14*9 

— 

168 

— 

15*9 

— 

14*2 

— 

200 

— 

15*0 

12*0 

13*8 

12*7 


U.S.A. STANDARDS FOR RAW LINSEED OIL. 



'1. 


3. 

4. 

Specific gravity at 15*5° C, . 

0*9345 

0*9329 

0*9333 

0-9342 

„ „ at 25° C. . , 

0*9299 

0-9284 

0*9285 

0-9295 

Turbidity and foots 

Moisture and volatile matter 

0*78 c.c. 

0*35 

0*40 

0-65 

(a) 

(ft) 

0*056 per cent. 

0-082 

0-171 

0*051 

0-041 „ 

0*078 

0-191 

0 044 

Ash 

0*136 „ 

0-024 

0*038 

0-156 

Acid number in MgsKOH . 

1-11 

e-335 

1*79 

1-54 

Saponification number 

190-76 

190-5 

192-2 

190*4 

Unsaponifiable matter . 

1-00 

0*956 

«^72.. 

1-01 

Refractive index . 

1-4798 

1-4795 

1-4797 

1*4797 

Iodine number 

186-36 

188-9 

186*37 

185-1 
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A raw linseed oil should be considered pure when it tests between 
the following : — 


Specific gravity at 15*5® C 

Maximum. 

O-USf) 

Minimum. 

0*932 

„ „ at C 

0-931 

0*9270 

Acid number 

6-00 

— 

Saponification number 

192 

189 

Un saponifiable matter 

1-50 per cent. 

— 

liefractive index at 25® C 

: 1-1805 

1*4790 

Iodine number (Hanus) 

190 

178 


Raw linseed oil from North American seed should conform to the 
following requirements ; — 


t 

Maximum. 

Minimum. 

15 ‘5® 

Specific gravity at C. .... 

0*936 

0-932 

or 



25° 

Specific gravity at 0. . . . . 

0*931 

0-927 

Acid number .... . . 

6*00 

— 

Saponification miinber 

195 

189 

Unsaponifiable matter, per cent. 

1*50 

— 

Refractive index at 25° C 

1 1*4805 

1*4790 

Iodine number (Hanus) 

! - 

180 


Scheme for Examination of Linseed Oil for Purity or Otherwise . — 
(1) Specific Gravity. — Determine with a pyknometer or spindle at 
15'6° C, (2) Viscosity. — Use the Engler method, making the deter- 
mination at 20*^ C. (3) Flash-point j Open Cup. — Set a nickel crucible ^ 
60 mm. in diameter at the top, 40 mm. in diameter at the bottom, 
and 60 mm. in height in a hole in the middle of a sheet of asbestos 
hoard 200 mm. square. The bottom of the crucible should project 
about 25 mm. through the asbestos. Support the asbestos on a tripod 
and suspend a thermometer reading to 400° C. in degrees in the 
centre of the crucible, so that the lower end of the thermometer 
is 10 mm Jrom the bottom of the crucible. Then pour in the oil 
until its level is 15 mm. below the top of the crucible. Place a 
Bunsen burner below the crucible and regulate the size of flame so 
that the thermometer rises 9“ a minute. As a test flame use an 
ordinary blow-pipe attached to a gas tube. The flame should be 
about 6 mm. long. Begin testing when the temperature of the oil 
reaches 220° C., and test for every rise of 3“. In applying the test . 
move the flame slowly across the entire width of the crucible im- 
. mediately in front of the thermometer, and 10 mm. above the sur- 
face of the oil. The flash-point is the lowest temperature at which 
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the vapours above the oil flash and go out. (4) Fire-point. — After 
noting the temperature at which the oil flashes continue tne heating 
until the vapours catch fire and burn over the surface of the oil. 
The temperature at which this takes place is the fire-point. In 
determining the flash-point note the behaviour of the oil. It should 
not foam or^crack on heating. Fo-kming and cracking are frequently 
caused by the presence of water. (5) Turbidity. — Note whether the 
oil is perfectly clear or not. (6) Foot.^. — Let a litre of the oil stand 
in a clear glass bottle for 8 days, and then note the amount of re- 
sidue formed. The highest grades of oil show no turbidity or foots 
by this test.- The claim is made that sometimes what would be called 
foots by the above method is due to the freezing out of fats of rather 
high melting-point. When a sufficient amount of the sample is avail- 
able, heat' one portion to 100" C. and set it aside for the determina- 
tion of foots, together with a sample just as it is received. (7) Break. 
— HeatifiO c.c. of the oil in a beaker to 300° C. Note whether the oil 
remains unchanged or “ breaks,” that is, show^s clots of a jelly-like 
consistency. Note also the odour of the oil after cooling, and by rub- 
bing it on |thc hands a small amount of fish oil may be detected in this 
way. {S)\Mouture. — 'Heat about 5 grammes of oil in an oven at 105° 
for 45 minutes ; the loss in weight is considered as moisture. This 
determination is, of course, not exact, as there is some oxidation. 
When more accurate determination is desired perform the whole 
operation in an atmosphere of hydrogen. (9) Anh. — Burn about 20 
grammes of oil in a porcelain dish and conduct the flashing at as low 
a temperature as possible. The best oil should contain only a trace 
of ash. An amount as large as 0*2 per cent, would indicate an adulter- 
ated or boiled oil. Examine the ash for lead, manganese, cobalt, and 
calcium. (10) Drying on Glass. — Coat glass plates 3 by 4 inches with 
the oils to be examined, expose to air and light, and note when the 
film ceases to he tacky. A good oil should dry to an elastic coherent 
film in three days. Varying conditions of light, temperature, and 
moisture have such an influence on drying tests that for comparison 
of one linseed oil with others all samples must be run at the same 
time. (11) Diying on Lead Monoxide. — Livache’s test calls for 
precipitated lead, but litharge gives equally good results. Spread 
, about 5 grammes of litharge over the flat botfom of an aluminium 
dish 2' 5 inches in diameter and five-eighths of an inch higk^iwe’gh the 
dish and the litharge; distribute as evenly as possible over the 
litharge 0'5 to 0-7 gramme of the oil, weigh exactly, expose to the 
air and light for 48 hours, weigh, and calculate the gain in weight to 
percentage based on the original weight of the oil taken. (12) Acid 
Number. — Weigh 10 grammes of oil in a 200 c.c. Erlenmeyer flask, 
add 50 c.c. of neutral alcohol, connect with a reflux air condenser^ 
and heat on a steam-bath for half an hour. Remove from the bath, 
cool, add phenolphthalein, and titrate the free acid with fifth-normal 
sodium hydroxide. Calculate as the acid number (milligrammes of 
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potassium hydroxide to 1 gramme of oil). The acid numl)er varies 
\^ith the a|e of the oil, and should be less than 8, though when the 
oi is refined with sulphuric acid it may show a higher acid number. 
Test for presence or absence of sulphuric acid. (13) Saponification 
Number. — Weigh about 2 grammes of oil in a 200 c.c. Erlenmeyer 
flask, add 30 c.c. of a half-nornftil alcoholic solution of potasKium 
hydroxide, connect with a reflux condenser, heat on a st(*am-bath 
for ar hour, then ‘trate with half-normal hydrochloric acid, using 
phenolphthalein as ndicator. Always run two blanks with the 
alcoholic potash. From the difference between the number of cubic 
centimetres of acid required by the blanks and the determinations, 
f calculate the saponification number (milligrammes of potassium 
hydroxide to 1 gramme of oil). The saponification number should be 
about 190. (14) UnaaponifLable Matter.— the saponification varies 

somewhat in pure oil, it is sometimes advisable to make a direct 
determination, of unsaponifiable matter. Saponily from 5 to 10 
grammes of oil with alcoholic potassium hydroxide (200 c.c. of 
a half-normal solution) for an hour on a steam-bath, using a reflux 
condenser. Then remove the condenser and evaporate the alcohol as 
completely as possible ; dissolve the soap in 75 c.c. of water, trans- 
fer to a separatory funnel, cool, shake out with two portions of 50 
c.c. each of gasoline 88° B., wash the gasoline twice with water, 
evaporate the gasoline, and weigh the unsaponifiable matter. The 
unsaponifiable matter in raw linseed oil should be below 1*5 per cent. ; 
in boiled oil it is somewhat higher, but should be below 2*5 per cent. 

(15) Iodine Number from 0*2 to 0*25 gramme of oil into a 
350 c.c. bottle having a well-ground stopper, dissolve the oil in 10 
c.c. of chloroform and add 30 c.c. of Hanus’ solution ; let it stand 
with occasional shaking for 1 hour, add 20 c.c. of a 10 pei* cent, 
solution of potassium iodide and 150 c.c. of water, and titrate with 
standard sodium thiosulphate, using starch as indicator. Blank 
must be run each time. From the difference between the amounts 
of sodium thiosulphate required by the blank and the determination, 
calculate the iodine number (centigrammes of iodine to 1 gramme of 
oil). The iodine number of raw linseed oil varies from 175 to 193, 
though Gill states that a pure raw oil may give a value as low as 160. 
Boiled oil may be ve^* much lower. Make the Hanus’ solution by 
dissolving i8*2 grammes of iodine in 1000 c.c. of glacial acetic* acid 
which will not reduce chromic acid, afterwards adding 3 c.c. of bromine. 

(16) Eosin OiL— (Liebermann-Storch Test.)— To 20 grammes of oil 
add 50 c.c. of alcohol, heat on a steam-bath for 15 minutes, cool, 
decant the alcohol, evaporate to dryness, add 5 c.c. of acetic anhydride, 
warm, cool, draw off the acetic anhydride, and add a drop of sulphuric 
acid, 1*53 specific gravity. Eosin oil gives a fugitive violet colour. 

TJie Quantitative Composition of Linseed Oil. — The C, H, and 0 
content of linseed oil as estimated quantitatively by combustion is 
^not a very important factor, as it does not differ greatly from other 
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vegetable oils. Old and partially dxidised oils contain more 0 anc 
therefore less C and H than unoxidised oil. The percentage con^ 
position of linseed oil varies ( 1 ) with the method adopted in obtain- 
ing the oil from the seed ; (2) extraction ; (3) hot pressing ; (4) cole 
pressing. The source of the seed also intervenes. This table shows a 
difference of 2 to 3 per cent, in theO and 0 content of linseed oil 


TABLE SHOWING THE ULTIMATE ORGANIC ANALYSIS OF 
LINSEED OIL. 


1 Analyst. 

i 

Ciir)«)u. 

Hydrogen. 

Ox>gen. 

1 Remarks. 

1 SauBsure . 

7G*0 

Jl-4 

12-G 

! 

' Sacc 

1 7H-1 

10-9 

11-0 

Cold pressed. 

Lefort . 

! 75-2 

10-9 

18-9 

Hot ,, 

Cloez 

1 77-(> ; 

11-8 

IM 



Mulder . 

<G-8 

11-2 

12-0 

/ Seed U years old. 

, Williams , 

75-2 

10*7 

14-1 

\ Hot proBsed. 

Raw oil. 

1 Bearn 

7G-2 

10-G 

18*2 ! 

f Extracted by petroleum 

1 

1 ,. 

f ether from Baltic seed. 


The Average Glycerine Content of Linseed Oil. Fahrions Glycer- 
ine Test, — The average glycerine content of linseed oil is taken as 
10'4 per cent. This content with the average 95*5 of fatty acids 
(Hehner’s No.) is in excess of 100, the glycerine and fatty acids in 
forming esters lose water. In calculating the analytical results a 
difficulty occurs as the fatty acids found are calculated as anhy- 
drides. The mean molecular weight being of a complex nature is 
not accurately known. 

The Respective Percentages of Liquid Unsaturated and Solid Satur- 
ated Fatty Acids in Linseed Oil. — (tt) Solid Fatty Acids. — To solve 
this last problem Mulder made a series of experiments. He first 
extracted the lead salts by ether, decomposed the insoluble lead salts 
and crystallised the solid fatty acids once from alcohol. He thus 
found 6*3 per cent, of solid fatty acids in linseed oil. He thought 
this result too low, so he placed an alcoholic solution of the mixed 
fatty acids repeatedly and for a week in a freezing mixture until no 
further separation occurred. The mixed solid fatty acids so separ- 
ated«were crystallised once from absolute alcohol. H^thus found 
9*4 per cent, of solid fatty acids, but they were not pure white. 
Mulder designed a third method based on the insolubility in dilute 
alcohol of the magnesium salts of the solid fatty acids, whilst the 
salts of the liquid fatty acids dissolve therein. He therefore dis- 
solved the mixed fatty acids in dilute alcohol, added ammonia to the 
solution, and precipitated with an alcoholic solution of magnesium 
acetate. After standing two days they were decomposed by H 2 SO 4 , 
He thus found 10*3 per cent, and not yellow coloured. This result 
was not, however, unquestionable. Fahrion repeated Mulder’s ex- 
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Leriment with 70 per 'cent, alcohol, and obtained quite a similar re- 
But this acid melted at 32° C. (Mulder gave no melting-point, 
but gave an iodine No. of 114*1). Separation of the saturated from 
the unsaturated acids in the above manner is impracticable. Mulder, 
however, saw in his 10*4 result confirmation of a previous result of 
9*4 er cent, and asserted that 4inseed oil contained about 10 per 
0 of saturated glycerides. Later on, by fractionally crystallising 
tt )lid latty acid from alcohol, he obtained equal weights of pal- 
m. and myristic acids, so he reasoned further that linseed oil 
coi ^ained 5 per cent, of tripalmitin and 5 per cent, of trimyristin. 
Now it chiefly contains arachidic and stearic acids ; the amount of 
the first is very small and that of stearic acid less than 1 per cent. 
It is from Mulder’s assumption that the solid fatty acids of linseed 
oil are described as consisting of ^ of palmitin and ^ of myristin. 
Fahrion estimated the saturated fatty acids of linseed oil by Warren- 
trapp’s methpd, controlled by other methods : (1) Precipitated the 
neutral alcoholic ether soap solution by alcoholic lead acetate, treating 
the lead salt by nitric acid (Bromeis and Sacc) and extracting the 
resulting product with petroleum ether. (2) Oxidation of the alkaline 
soap solution by potassium permanganate and extraction of the oxy- 
acids by petroleum ether, separation of the solid fatty acids by 
Farnsteiner’s method. 

TABLE SHOWING PERCENTAGE CONTENT OP SOLID FATTY ACIDS 
IN VARIOUS SAMPLES OP LINSEED OIL, THEIR MELTING- 
POINTS IN DEGREES CENTIGRADE, AND THEIR IODINE NUMBER. 


Content in Solid Fatty 
Acids of Linseed, 

]KT Cent. 

1 

Melting point ^C. 

Iodine No. 

8-1 

53-54 

10*6 

8-2 

53-54 

11*2 

80 

53-54 

I4-3 

7’9 

52-53 

31-6 

8-4 

— 

21-3 

95 

— 

14*8 

10-2 

52-53 

22-5 

8-6» 

52 

14-1 

9'7 

52 

1-4 

^ 9*9 

53-54 

13-9 


I 


Fahrion concludes from the results given in the table that lin- 
seed oil contains, in round numbers, 8 per cent, of saturated acids. 

Lewkowitsch obtained similar results by Warrentrapp’s method. 
He first obtained 8*9 per cent, of solid fatty acids, with the iodine 
number of 22*3, and on again subjecting the acids to the same process, 
7*5 per cent., with the iodine number of 19*2. Later, Fahrion used 
another method, resembling Sacc’s. Instead of the soda soaps, the 



188 


THE MANUFACTURE OF VARNISHES. 


linseed oil fatty acids were themselves oxidised. The oxidation was 
affected by aid of cotton-wool, and, fiEally, the oxyacids*were not 
converted into salts, but treated with petroleum ether. During the 
, first oxidation a residue of 36*6 per cent, of fatty acids was 
extracted by Warrentrapp’s method. Then the unsaponifiable was 
separated. There resulted 8*5 pet cent, of fatty acids with the 
iodine number 6*8 and m.p. 53. 

• (h) The Percentage of Fluid Fatty Acids, Oleic Acid. ^The fluid 

fatty acids ^yere oxidised after Hazura. The unchanged portion 
was separated by petroleum ether, and again extracted by Warren- 
trapp s metnod. Hereby was recovered that portion of the solid 
fatty acid« which, in the first extraction, passed into the ether solu- 
tion. It amounted to 0‘8 per cent, of the linseed oil, with iodine 
number 11*7, m.p. 49*5. Under the assumption that both iodine 
numbers, so found, are exclusively due to oleic acid, that reduces the 
percentages 8*5 and 0*8 to 7*9 and 0*7, and the mixed SQ^id fatty acid 
content of linseed oil would then be 8*6 per cent. This percentage 
for the linseed oil in question those in the above table 

very closely. Whether the ^^'^ty acid content of different linseed oils 
shows greater deviation, further research must elucidate. The con- 
tent of linseed oU solid fatty acids may be calculated from the 
'tne . iodine rumber (a) and the inner iodine number (6), not ex- 
10'4 per ever, as the inner iodine number comes out too low. As 

j^jerme absorbs no iodine, it follows that gives the percentage 


content of solid fatty acids in linseed oil, including the unsaponifi- 
able, which also absorbs iodine. In a research by Fahrion he found 
the iodine number of the linseed oil 180*9, the Hehner number 95*7. 
Calculation gives the high iodine number of 205*2, leaves 87*7 of 
fluid fatty acids, therefore 95*7 - 87*7 = 8 per cent, solid fatty acids. 
Walker and Warburton’s figures give 7*3. Those of Tortelli and 
Ruggeri are therefore too low. 

Mulder believed he had detected oleic acid ■ quantitatively ; 
the research in question gave repeatedly 10 per cent, of the linseed 
oil, besides the oleic acid. The last research only gave 8 per cent. 
Mulder did not make any separation, he assumed linseed oil to contain 
triolein, therefore, 9*5 per cent, oleic acid. Hazura only found half 
as much. He obtained by the alkaline oxidation of 10^ grammes 
of linoleic acid, 1*2 dioxystearic acid ; 6*5 satiyic acid ; 20*3 of linusic 
and isolinusic acids. From these figures he counted backwards ; thus- 
the fluid linoleic acid consisted of 5 per cent, of oleic acid, 15 per 
cent, of linoleic acid, and 80 per cent, of linolenic and isolinolenic 
acids. This conclusion is incorrect. Fahrion claims that much of 
the linoleic acid is not quantitatively oxidised. Part of it is not at- 
tacked, and much of this unaltered portion consists mainly of oleic 4 
acid. A very convenient material for extracting unchanged acid 
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was found by Fahrion in petroleum ether, in which dioxysteario, 
•sativic, li^usic, isolinusic, and azilaic acids are completely insoluble. 
In two oxidation experiments, exactly according to Hazura’s method, 
15*4 and 16*4 per cent, of the linoleic acid remained unchanged. 
The iodine number showed 85*3 and 78*2. But the manganese pre- 
cipitate was not washed out, so that the above percentages are still 
small. That the residue from the oxidation consists chiefly of oleic 
acid follows at once from the iodine number, oleic acid = 90; 
linoleic acid = 181*6; linolenic acid 273*6. But the result of a 
second oxidation left dioxystearic acid, and gave 38 per cent, yield. 
Pure oleic acid oxidised in the same way left 65 per cent. From the 
above figures linoleic acid contains, not 5 per cent., but 2^0 per cent, 
of oleic acid. 

This figure seems to agree with the above oxidation experiments. 
On extraction by Warrentrapp’s method 8*5 per cent, of solid fatty 
acids was obtained, and 24*1 per cent, liquid fatty acids with the 
iodine number 105*3. Therefore, there were only traces of lino- 
lenic acid, of which 0*8 per cent, was solid fatty acids. The iodine 
number calculated to 19 per cent, of oleic acid yielded 9*7 per cent, 
of dioxystearic acid, which calculation gives 15 per cent, of oleic 
acid, where pure oleic acid gives 60 per cent. Seventeen per cent, 
of oleic acid may he taken, but the average is betw'een 15 and 19; 
that leav(^s, in round numbers, about 70 per cent, for the linoleic 
and linolenic acids of linseed oil. If 180 be taken as the mean 
iodine number of linseed oil, then the 70 per cent, may be cal- 
culated as 27 per cent, linoleic and 43 per cent, linolenic acid. 
Numerous researches prove that the iodine number of oxidised 
linseed oil is lowered as far as 172*3. During oxidation 36*6 per 
cent, of linseed oil, with the iodine number 86*7, remains. The 
Hehner number of the original oil is 95*6. The linoleic and linolenic 
acids are lowered to about 59 per cent. The iodine number of the 
altered mixed fatty acids may be calculated as 238*3 ; and this number, 
on further calculation, gives for the 59 per cent. 36*4 linolenic acid, 
and 22*6 linoleic acid. In the first extraction (after Warrentrapp) 
there was a loss of 4*0 per cent., of which the smaller portion may be 
taken as linolenic acid, so that it gave 38 per cent, linolenic acid 
and 30 per cent, linqjeic acid. 

THE Proximate chemical composition of linseed 

OIL. (FAHRION.) 


Per Cent. 

Unsaponifiable 0*5 to 1’5 

Saturated fatty acids 8*0 ,, 9*0 

Oleic acid . 15*0 ,, 20*0 

Linoleic acid 26*0 „ 35*0 

Linolenic acid . 35*0 „ 45*0 

Glycerine • . 4*0 „ 5*0 
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According to Hazura the above linoleic acid content given 
by Fahrion is too small. He found 80 per cent, gf linoleic 
acid which gave 70 per cent, on the linseed oil. On bromina- 
tion of the linoleic acid he obtained a crystalline hexabromlinolenic 
acid, with a maximum yield of 40 per cent., whereas he gives 
15 per cent, of linolenic acid in linoleic acid, which gives 13 
per cent, on the linseed oil. Isolinolenic acid must therefore be 
present to about 57 per cent, in linseed oil itself. Hazura states 
that it gives an amorphous hexabromide soluble in ether. On 
their existence depends that of isolinusic acid which is produced 
from it. 

A. KoHet calculated for linseed oil, on the basis of the iodine 
number of 190, a solid glyceride content of 15 per cent., and a lino- 
lenic acid content of 50 to 60. 

All other authorities on oils stop short at 35 to 45 per cent, 
of linolenic acid as the highest, Fokin, by bromi nation of the mixed 
fatty acids, under various conditions, 22 to 29 per cent. 6f crystallised 
hexabromide and 22 to 25 per cent, of linolenic acid, but, as Fahrion 
points out, this must be a printer's or other error, as hexabromlino- 
lenic acid, CigH2oBrg02, contains 63*3 per cent, bromine, so that the 
above figures only correspond to an 8 to 10 linolenic acid content of 
linseed oil of solid fatty acids. Fokin gives only 5 per cent., and 
explains it on the supposition that linoleic acid is the chief con- 
stituent of linseed oil. He sees nothing more in the crystallised 
tetrabromide of m.p. 114® C. than that the linoleic acid of linseed 
oil differs from that of poppy-seed oil, whilst Hazura regards them 
as identical, since both on oxidation leave sativic acid. Lew- 
kowitsch obtained 42 per cent, of a crystallised hexabromide as a 
maximum from the mixed fatty acids of linseed oil, and calculated 
therefrom that there was 15 per cent, of linolenic acid in linseed oil. 
That this content agrees well with the iodine number is not to be 
disputed but it seems low. Like Fokin, Lewkowitsch regards 
linoleic acid as the chief constituent of linseed oil. F. Bedford pre- 
pared the crystallised hexabromide from the mixed fatty acids of 
linseed oil with a yield of 41*6 per cent, or 15*27 per cent., calculated 
as a linoleic acid, or 14-J per cent, on linseed oil. He used the re- 
duction method, with nickel as catalyst, as ap analytical process. 
By it| aid he estimated the hydrogen number of substances, calculat- 
ing the hydrogen required for complete reduction, to per cenf. For 
ethylic linolenate obtained by bromination, from the hexabromlino- 
lenic acid ester he found the data 1*9482 and 2*0480, theory 1*9737. 
The ethyl-ester from Farnsteiner’s separated linoleic acid, gave 
hydrogen numbers 1*4544 ; 1*4578 ; 1*4441. Therefore the theoreti- 
cal hydrogen number of ethyl linoleate comes out 1*3072. So 
calculated from the above figures the esters investigated had an 
average content of ethyl-linolenate of 21*7, which gave for linked 
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oil a linolenic acid content of 15’0. Likewise, the iodine number of 
the fluid fajity acids are given by Erdmann and Bedford in a continua- 
tion of Rollet’s work as 203*8, which corresponds with a content of 
24*4 per cent, instead of 21*7. Then the yield of hexabromlinolenic 
acid is so increased that they correspond to a linolenic acid content 
of the mixed fatty acids of 16*66 jer cent. Calculated to linseed oil 
this becomes 15*8 pe]’ cent. How^ever, Erdmann and Bedford give 
a content of 20 to 25 per cent, acids, CjgHg^jO^, chiefly, but not ex- 
clusively consisting of a linolenic acid, yet, during debromination, 
hexabromlinolenic acid splits up into two stereoisomeric linolenic 
acids. Fahrion points out that Bedford found as the iodine number 
of free linolenic acid instead of 273*8, 248*1, and that the iodine 
number 203*8 of the mixed fatty acids is also too low. Lewkowitsch 
found, for the Warrentrapp prepared acids, which still contained 
oleic acid, the iodine number of 209*8. The hydrogen number, how- 
ever, correctly estimated, does not give correct results, as by Farn- 
steiner’s metht)d the solid fatty acids are not quantitatively removed 
from the oleic acid. This Fahrion proved experimentally when he 
tested Bedford and Farnsteiner’s linoleic acid by vacuum distillation ; 
4*5 grammes of his acid were treated with 4*5 grammes of KMnO^ 
after Hazura’s instructions. During the acidulation of the filtrate, 
the precipitate which settled out was dried first with petroleum 
ether and then extracted with much cold ether. The evaporation 
residue of the petroleum ether extract of the unoxidised portion 
gave, on crystallisation from alcohol, a small amount of solid fat of 
m.p. 54. The evaporation residue of the ether extract likewise gave 
a product that could not be crystallised from alcohol, the oxidation 
product of oleic acid, dioxystearic acid, m.p. 129. Finally, Bedford 
obtained, during the reduction, a fluid product ; again, the fatty 
acids of linseed oil on heating, even without oxidation, decreases 
in acidity and their iodine number lowers. Also during the heating 
of linseed oil its hexabromide number is lowered. Is it the a or the 
/?-linolenic acid that remains on heating? In either case it would not 
be an isomer but a variety of the same product. The variety must 
be regarded in the nature of things as an altered part of the double 
bond. 

Effect of Storage^/ Linseed Oil on (1) its Acid Value, (2) its 
Density, (3) its Befraction . — The storing of linseed oil does not result ‘ 
in the fter^splitting off of glycerine alone. The gravity of a 13- 
year-old sample was 0*941 (Lewkowitsch), which is above normal by 
0*009. A 5-year-old sample had a butyro-refractometer degree of 
85*1. Fresh raw oil gave 80 to 81*5° Weger. In a fresh oil with the 
high iodine number of 191*3 and oxygen number of 19*8 the original 
acid number rose from 1*8 to 2*7, an increase due to the lowering of 
the iodine number. Spollema kept two samples of the same linseed 
oil ia the dark, one refined by H 2 SO 4 , the other not, in well-corked 
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flasks. The iodine in No. 1 did not appreciably lower, whilst in 
No. 2 it lowered about 10. 

The painter protects the linseed oil vehicle of his paint from the 
air by a surface layer of water inside the keg. 

Bo little does the painter desire that his linseed oil should become 
oxidised during storage, that he shields it, as regards stiff paints, by pro- 
tecting them with a layer of water. ‘Mulder ascribed the change which 
linseed oil undergoes during storage to a certain amount of the glycer- 
ine being decomposed and the remainder locked-up. Stored linseed oil 
becomes partly acid and rancid, but it does not follow, from its oleic 
acid content, that such oil is by any means rancid. Mulder ascribed 
this rancidity to an activity of motion in effective matter, e.g. quite a 
small amount of albumin present in most oils and fats. The precise 
chemical process consists in the splitting-off of glycerine with the 
consequent oxidation of the free fatty acid, especially the oleic acid to 
butyric acid. This opinion of rancidity is similar to that held at the 
present time, (xeitel defined rancidity of oils as induced by an 
oxidation process begun by light, with splitting-up of the water from a 
minimum but suflicient quantity. Pure oil or fat shielded completely 
from air and light does not turn rancid. Fats from the tombs of 
Abydos were examined by Friedel and the glycerides therein found to 
be undecomposed. But the action of antiseptics may have intei*vened 
to preserve the glycerides in their pristine state as well as mere pro- 
tection from light. When an oil or fat is mixed with the marc of 
the fi’uit, i.e. with oil cakes or albuminoids, hydrolysis of the oil 
or fat sets in and the amount of free fatty acids increases. The 
cause is the combined action of water and enzymes. The question 
why linseed oil, notwithstanding its richness in unsaturated fatty 
acids, rancidities with difficulty, was answered by 1. Klemont to the 
effect that here the oxidation produced is so strong that atmospheric 
gases cannot act. Freshly spread out linseed oil often smells of 
oenauthylic-aldehyde and octyl-alcohol. 

Tortelli and Pergamis Theory of the Changes Supervening in 
Old-tanked Oil. — Tortelli and Pergami assert that, during the 
storage of linseed oil, a sort of molecular absorption occurs, the 
fluid fatty acids playing the chief role. Thus, in old linseed oil, a 
portion of the glycerides have a different constitution than when 
fresh. When the free fatty acids are completely removed from old 
oil they dissolve more readily in alcohol than the fatfly acids from 
fresh oil. 

The Deposition of Foots, Mucilage, etc^, from Old-tanked Oil . — 
There generally separates from unrefined raw oil, during storage, a 
deposit of variable composition. Suspended matter may be deposited 
completely, dissolved mucilage is never completely deposited by 
storing or tanking. A pale old-tanked English oil still showed 
mucilage on heating after five years (Weger). Now the presence of 
this mucilage, which contains the above organised bodies, enzymes, 
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which can induce the splitting-up of the oil is, for obvious reasons, 
as iiientioijed elsewhere, far from desirable. 

Effect of Storage of Linseed Oil (Old-tanked Oil) on its Acid 
Number and its Iodine Number. — On this point a whole series of 
authorities declare that the acid number of linseed oil protected from 
air increases without inducing ayy chemical change. Hubl found 
in a lo-years-old sample of linseed oil the normal iodine number, 
whilst an oil, wdiich under the action of the ox}gen of the air 
had become viscous and rancid, gave low results. Thomson and 
Ballantyne left samples of linseed oil with the iodine number 
173‘5, (a) for six months in sunlight but in a closed flask, (b) with 
iccess of air ; the first (a) fell to 172'0, that of the second (b) to 
l(:()‘2. Lettonmayer and Niederlander still found in a ])utcb linseed 
oil jy years old, kept in a com])letely filled, well-corked flask, the 
iodine number of 180-2, whilst in a 30-years-old Dutch linseed oil, 
Df which only a small quantity was contained in a large flask, the 
iodine numbeV was 150-2 and the acid number 1-50. .\gain, a 
sample of linseed oil shielded from air and light for three years 
gave iodine number 174-0 and acid number 1-3 ; a Baltic oil 13 
years shielded from air and light the iodine number 175*8 and 
the acid number 7*2. Sherman and Balk found that linseed oil 
kept in quite full flasks and protected from air and light foi- months 
did not change. 


Boiled Oil. 

Finkeners Method of Differentiaiing Between (a) Raw and (b) 
Biriled Oil. — Binkener gives a qualitative method for diflerentiating 
between (a) raw linseed oil and (b) boiled linseed oil, in which it is 
shaken with an aqueous solution of lead acetate, glycei-ine. and am- 
monia. With raw oil the aqueous layer is clear, with boiled oil it 
is turbid. The method depends on the presence, in the boiled oil, of 
free fatty acids, to a greater or less extent, and is rarely used. Ac- 
cording to Evers it is most applicable to lead oxide boiled oils. 

Mojmrgos Method. — Another method by Mopurgo is given. Five 
grammes of the oil to be tested are saponified by alcoholic soda, the 
alcohol evaporated, tfee soap dissolved in water, and, in the soap 
solution, common salt is dissolved until no more soap separates. .The 
filtrate is decomposed by acetic acid. With pure raw linseed oil 
no precipitate occurs, but it does with boiled oil. The method does 
not go further than the qualitative detection of the unsalted out oxy- 
acids. It cannot be used with cold prepared “boiled” oils, and is ' 
only applicable to strongly blown oils, or oils oxidised during 
boiling. 

The Water Reaction. — The water reaction may be used for the - 
qualitative testing of boiled oil for purity. One c.c. is saponified with 
alcoholic potash and the soap solution diluted with much water on 
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flasks. The iodine in No. 1 did not appreciably lower, whilst in 
No. 2 it lowered about 10. 

The painter protects the linseed oil vehicle of his paint from the 
air by a surface layer of water inside the keg. 

Bo little does the painter desire that his linseed oil should become 
oxidised during storage, that he shields it, as regards stiff paints, by pro- 
tecting them with a layer of water. ‘Mulder ascribed the change which 
linseed oil undergoes during storage to a certain amount of the glycer- 
ine being decomposed and the remainder locked-up. Stored linseed oil 
becomes partly acid and rancid, but it does not follow, from its oleic 
acid content, that such oil is by any means rancid. Mulder ascribed 
this rancidity to an activity of motion in effective matter, e.g. quite a 
small amount of albumin present in most oils and fats. The precise 
chemical process consists in the splitting-off of glycerine with the 
consequent oxidation of the free fatty acid, especially the oleic acid to 
butyric acid. This opinion of rancidity is similar to that held at the 
present time, (xeitel defined rancidity of oils as induced by an 
oxidation process begun by light, with splitting-up of the water from a 
minimum but suflicient quantity. Pure oil or fat shielded completely 
from air and light does not turn rancid. Fats from the tombs of 
Abydos were examined by Friedel and the glycerides therein found to 
be undecomposed. But the action of antiseptics may have intei*vened 
to preserve the glycerides in their pristine state as well as mere pro- 
tection from light. When an oil or fat is mixed with the marc of 
the fi’uit, i.e. with oil cakes or albuminoids, hydrolysis of the oil 
or fat sets in and the amount of free fatty acids increases. The 
cause is the combined action of water and enzymes. The question 
why linseed oil, notwithstanding its richness in unsaturated fatty 
acids, rancidities with difficulty, was answered by 1. Klemont to the 
effect that here the oxidation produced is so strong that atmospheric 
gases cannot act. Freshly spread out linseed oil often smells of 
oenauthylic-aldehyde and octyl-alcohol. 

Tortelli and Pergamis Theory of the Changes Supervening in 
Old-tanked Oil. — Tortelli and Pergami assert that, during the 
storage of linseed oil, a sort of molecular absorption occurs, the 
fluid fatty acids playing the chief role. Thus, in old linseed oil, a 
portion of the glycerides have a different constitution than when 
fresh. When the free fatty acids are completely removed from old 
oil they dissolve more readily in alcohol than the fatfly acids from 
fresh oil. 

The Deposition of Foots, Mucilage, etc^, from Old-tanked Oil . — 
There generally separates from unrefined raw oil, during storage, a 
deposit of variable composition. Suspended matter may be deposited 
completely, dissolved mucilage is never completely deposited by 
storing or tanking. A pale old-tanked English oil still showed 
mucilage on heating after five years (Weger). Now the presence of 
this mucilage, which contains the above organised bodies, enzymes, 
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stein in the three ahove-inenlioned boiled oils only found 182-2 to 
180 - 2 . 

The Iodine Ahorption yiinilicr of Boded 0/7,s’.--The iodine 
nuinher of liciled oils, made from soluble driers, remains as hi^h as in 
raw linseed oil, Mcllhiny found IS()-4 to 18d-3. liowevei-, tlui 
iodine number (1) ordinary hoiliu^f* (2) by blowing', and (3) by the ad- 
dition of mineral oil, is lowered. Tlu^ lowest raii^m for pure boiled 
oil aeeordin^jj to IMsin^^er is 1(10, Tlefelmann and Mann K’-'l, IJlzer 
14o. ('haritschkotf 130. Tlu' iodine number of boiled oil does rot 
play the ^n-eat role that it does duriii^^ raw oil examination. In es- 
timatinj.^ the iodine number of boiled oils the metals should be pre- 
viously removed and hi^dier numbers are then found. 

The He.rahroviide Snmher itf I laded Oda- The data as to the* 
hexabiomidi' iiumbi'i of boiled oils ou^ht to bdl us wlu'thei- tbe boiled 
oil was boih'd at a hi^h temju'ratuie or ])re])ared in the cold. In- 
vestif^ations on, this point have not been inadi' hitberto. The lif^uies 
in the accompanying^ table were determined by Lewkowitsch 


TABLE SHOWING FIGURES FOR li\W LINSEED OH., PALE AND 
DOlUU.E FOILED OILS, AND OZONISED OILS. 


' 

DfUsjty 15" 0. 

loilltK! No. 

Ilexald'oiiinle No. 

1 Row ]ins< od oil 

o-irios 

18G-4 

24-17 

; Pale boiled oil 


171-0 

20-97 

j Double ,, 

0-b44b 

170-0 

! lH-08 

1 Ozonised ,, (I.) . 

O-bdlO 

180-1 

8G-80 

I „ „ (11.) . 

o*y.‘js8 

171-2 

25-78 

1 „ (HI.). 

. i 0-b48;} 

ir/j-7 

80-19 



L. 

' - 




The Oxyijcn Absorption Number of Boded Linseed Oil. — The 
data as to oxygen absorption in boiled oil examination is scanty. Uold 
prepared or only slightly heated boiled oils generally give as high ab- 
sorptions as the raw oil. Strongly boiled and strongly blown oils 
show lower numbers, but they cannot he differentiated by the oxygen 
numbers. All that can be said is that the lirst takes longer to dry, 
and that the maximum increase eventually is as high as in the case 
of the latter. • 

The Eshmgiion of the Oxyacids in Boded Oil. — The estimation of 
the oxyacids is undoubtedly established on a sound basis although it 
has as yet come little into use. As already pointed out their amount 
increases during boiling without air blowing, and to a far greater 
extent by blowing, and by storing with access of air. Small amounts 
of oxyacids may be ascribed to rosin or rosinate driers. 

The Unsaponifiable Content of Boiled Oil. — It was formerly be- 
lieved that, during oil boiling, the amount unsaponifiable increased. 
E. Williams found in raw linseed oil 0-8 to 1-3, in boiled oils 1-3 to 2*3 
unsaponifiable. It was soon found, however, that during oil boiling 
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and blowing no considerable increase of nnsaponifiable content oc- 
curred. Tllzer only found in oxide-boiled oil 0-5 to 0*9Q per cent. 
unsaponilial)le. liosin contains much unsaponifiable, so that in 
rosinate-boiled oils a slight increase of the original unsaponiliable con- 
tent occurs. 0. Bach found in oxide-boiled oils ()‘43 to 0*74. In 
rosinate-boiled oils 0-95 to 0'71 per cent, unsaponifiable. 

It is agreed to take 2 per cent., as the highest limit of the un- 
saponihable content. With higher contents the iodine numbei- of the 
unsa])oniliable is determined. It sinks with pure boiled oil below 70 
to HO per cent., whei'eas rosin oil, and particularly mineral oil, tends to 
furthei’ decrease. Generally less than 2 ))er cent, is found, and then 
hydrocarbides are present. G. Knappe found in a boiled oil 2 to 3 
per cent, which was detected by its smell during the water reaction 
making itself felt. Moreover, tested in the Abel Bensky ap})aratus 
at 80 to 90° C. (176 to 194° F.) an undoubted Hash Qccui red. H. Wolh 
found the saponification number 188‘5, the hutyro-refraction degree 
87, and the density 0*9309. Drying was normal, the unsa])onitiable 
was 1*2. However, the boiled oil contained 4 per cent, of light 
benzine driven off by steam distillation. Finally, “ boiled oils ” pre- 
pared by the aid of liquid driers contain a certain percentage of turps 
»or white spirit, which is best removed by steam distillation. 

The TiviiclieM-WidJJ' Method. — That this method is peculiarly 
adiipted for the estimation of rosin in boiled oil has been proved 
without doubt. Now as fused rosinates are the driers most generally 
used, the question must be answered : How much rosin, free and 
combined, must a genuine boiled oil contain ? The question has been 
answered by C. Niegemann who asserts that 5 per cent, rosinate 
suffices under all conditions, and that any higher content must be 
regarded as adulteration. As much as 7 per cent, rosin acids, when 
ground with white lead, causes “livering”. According to H. Wolff, 
3 to 4 per cent, suffices and G per cent, is too much. But rosin-free 
or combined, i.e. in any shape or form, in the present author’s 
opinion, is an illegal addition to boiled oil. 

Viscosity. — In forming or giving an opinion as to a boiled oil it is 
well to determine its viscosity. 

Separation for Suhseq^icnt Estimation of Rosin and Free Fatty 
Acids in Boiled Oil. — About 10 grammes oi oil are weighed and 
dissolved in 100 c.c. petroleum ether, and the solution shaken twice 
with dilute HCl ; water is added to wash free from acid, then 50 c.c. 
neutral alcohol, also phenolphthalein. The whole is titrated with 
N /lO alkali to neutral ; water added to dissolve resulting soap ; shaken 
and set aside. The soap solution is run into another separator, and 
treated with 50 c.c. petroleum ether, shaken, soap solution run off,’ 
and petroleum solution added to first separator. Soap solution is 
returned to second separator and purified by treating with 20 c.c. 
50 per cent, alcohol. The residual lye solution evaporated to dryness 
is next dissolved in water, agitated in a separating funnel with- 
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petroleum ether and dilute HCl; next, washed free of acid. The 
fatty and rflsiu acids are obtained after evaporation of petroleum ether, 
Such residual acids are then available for determination by the usual 
known methods. The first ])etroleum ether solution contains the 
neutral saponifiable linseed oil, likewise the uiisaponifiable mineral 
iind rosin oils — all being recoverable for examination by evaporation 
of the ether. 

TABLE SHOWING CHANGE OF CHEMICAL CONSTANTS 
THJIOUGH BOILING OF LINSEED OJT.. 








Vo. 

A(.‘i(l 

RiijKnulu-iitioii 

1 lodliu* 

Valu(“ 

ol 

FalL 

, Acetyl 


Gallic. 

' VahR-. 

Value. 

« 

4.-H 

ISs-l) 

l;V.I-3 158-(i 

J58-0 

158-5 

1 

5*2 

; IH'I-'.) 18.S-3 

1 I0I-4 100-1 

107-3 

101 8 

2 

7-H ! 

! 

05-0 

100-1 

; 102-4 

3 

‘i-fj 

JK(r0 

1 83-0 

88-1 

]sH-2 

4 

'1-1 

187-2 

' 711-1 

HO-C) 

— 

5 

11*7 

187-2 

7G-2 

81-'l 

B18-1 102-0 

0 i 

IS-S , 

1112-3 

1 7J-1 

— 

— 


Nos 0 to (> show the changes from the tliin i-aw oil to the con- 
sistency of caoutchouc. 

Bolhfl Oil AdiiUeraied with liosin Oil. Weijer and Bavlin Experi- 
ments . — Kosin oil has an irregular lower iodine number than rosin. 
Everything connected with rosin oil varies with the sample — 
crude rosin oil and refined rosin oil are two different things. 
According to Weger rosin oil gives a loss in two months of 15 to 
20 per cent, in weight. However, taking boiled rosin oil in which 
6 per cent, lead-manganese rosinate was dissolved at 120^ C., oxy- 
gen absorption numbers of 19*8 to 25*7 inner-half were found in 
54 to 8-^ days. Drying proceeded quickly, in 1-^ to 24- days. It is 
thus differentiated from boiled linseed oil by the fact that the maxi- 
mum in weight takes longer. Weger worked with almost acid-free 
rosin oil. Acid number 0-9, density 0*98. No iodine number is given. 
For pure rosin oil h^ found negative numbers, due possibly to re- 
fining rectifications and removal of impurities by washing, al^o to 
considerable volatilisation of secondary products. An experiment of 
0. Bach contradicts this. He heated a gun barrel, which contained 
1 gramme of rosin oil in a sealed tube with excess of oxygen, for 10 
hours, at 110° C. ; 181 c.c. of oxygen were absorbed, which means 
an oxygen number of 25'9. The use of rosin oil has been the subject 
of many patents, mostly worthless. 

Adulteration^ of Boiled Linseed Oil with Rosin . — With the small 
amoflnt of rosin in rosinate-driers used in oil-boiling, it is interesting 
'to learn how it affects the drying of the oil. Rosin is not inert, far 
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from it. It finds ex])ression in the higher iodine number as the 
linseed oil absoihs oxygen from the air. Weger proved this directly, 
and indirectly. lie mixed boiled oil in large quantity with American 
]’Osin and tested the mixtures on glass plates. The oxygen number 
of the contained insin did not sink, at the most, below the ox\geii 
numbej- I'oi- rosin of H-2 for the ])er;od of 20 hours heating at 100° C . ; 
rosin showed an oxygen number of IIV. Finally, an alcoholic rosin 
solution in a crystallising dish was evajiorated, the residue heated for 
an hour at 100" C., and (a) solution, (b) eva})Oi-at]on, and (r) heating 
continued live times. The rosin increased 7'G in weight. Fy further 
heating it lost in weight, owing to the volatilisation of s^'condary oxida- 
tion ])i-oducts. Falirion left 1 gramme of ground rosin on a watch 
glass A\ith fj-equent stirring without loss, at summer temjierature, for- 
two months, exposc'd to the air. The whole thickness increased 4-2 
per cent. Ihit tins autoxydation jrroduct of rosin has not got the good 
])ro})ei-ties of linoxin. Moreover, much rosin in boiled oils rendm-s the 
dru'd oil films tacky; besides it has frequently been’ recorded that 
mixing such boiled oils on the basis of these and similar ligures wdth 
white lead, or wdth jraints containing white lead, causes energetic 
thickening (livering). 

Pecnlianlics in (he Drjiiwj of Ftsh. OIL — The drying capacity of 
lish oil was tested by Meister on glass plates. Drying starts much 
more rapidly than wdth linseed oil, and is genei-ally complete in 24 
hours. The oxygen figures give no curve ; when added to linseed 
oil the drying of the latter was not accelerated. After two da^s the 
increase in W’eight was accompanied by loss in w^eight and the nett 
weight remained constant, then regular decrease followed. The 
maximum increase occurs, as wuth linseed oil, wdien the oil has just 
dried. The oil skins of w^alrus, whale, and cod oils are peculiar. 
Only in the case of cei'tain fish oils is the oil skin uniformly solid ; in 
all cases such solids are completely soluble in chloroform and ether 
and only withstand atmospheric influences poorly. Driers acceler- 
ate drying action, but the period of drying or hardening is about twice 
the length of tiine requisite for linseed oil. How'ever, the oxygen 
absorption numbers are higher than for pure fish oil. On the basis of 
his experiments, Meister limits the percentage of fish oil in a boiled 
oil to 2o to 40 per cent, of the boiled oil, and'irecom mends the mix- 
ture^ to be made at 140° to 150" C. with 5 per cent, of fused lead- 
manganese rosinate, or 2’5 per cent, of precipitated rosinate of 
manganes;^, being used as drier. The boiled^ oil so remains pale and 
bright, w'hilst pure fish oil heated alone wdth driers darkens greatly, 
and deposits foots copiously. 

As examples, Meister gives the oxygen absorption numbers for a 
sardine lish oil (iodine number J83'4), for the boiled oil made from 
it, and for a boiled oil wdth 75 per cent, linseed oil and 25 per cent, 
fish oil. Parallel with these are shown the figures for a raw^ linseed 
oil and the pure boiled oil made from it. 
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Boiled Oil AduUeraied 7vith Mhirral Oil. — In contrast to rosin 
and rosin cil, mineral oils with their low iodine absorptions absorb 
no oxygen from the air. Lippert found that several samples contained 
no ingj’edients volatile in the air; no oxygen absorption number was 
obtained. Speaking generally an addition of inineial oil to boiled oil 
lovers the oxygen number; the, time of drying may remain the 
same, the time of “ setting ” may even be accelerated. Lippert de- 
scribes a motion of the inner half of the lilm ; a sejiaration of the 
mixture occurs and the mineral oil rises to the surface. Five ]ier 
•cent, of mineral oil can readily be detected by the biiger, as the boiled 
oil skin nunains behind whilst a ])ure linseed oil adlu'res. Lijipert 
made a series of e\])erimcnls on petroliferous boiled oils of which the 
following are examples : — 


ACTION OF MlNFItAL OIL ON BOILED OILS. UETAUDATION OF 
DItVI.NC. 


'J’iiuc ()l 

Diyiiijj, 

lloui.s. 


Oxypeii 

Aiis-)r])tioii No. 


Maiiganoso ('xulc boiled oil 

„ ,, with f) per rent ininoral oil ! 

„ 10 .. „ ! 


50 


2.1 

24 

21 

24 

72 


14-4 

i;;-4 

iO-0 

4-7 


A moi’e extended table is given by Andes, Imt as it teaches no 
useful lesson it is not reproduced hen;.^ 

In a later paper Lippert shows that the dejireciation of boiled oil 
adulterated with mineral oil is not manifest. Small quantities of the 
latter form on the surface of dried boiled oil a line layer of the boiled 
oil skin which still combines with it and partially envelops it. The 
mineral oil is not tacky. Such a lilm is as good and lustrous as a 
])ure boiled oil. But Lippert is absolutely wrong in this respect — that 
the direct heat of the sun will sweat the mineral oil out in greasy 
streams, the flo\v of which dowm a vertical coat of paint is most un- 
sightly, and that, to^, if the film is ])erfectly hard and consistent in 
cold weather. Mineral oils have their use, but that is neither in 
paint «fior varnish films. On the other hand, the mineral oit does 
not dry, the coat is not tacky but very soft. It is neither boiled 
•oil nor paint but a grease. When, however, a good boiled oil is re- 
quired for floors which is neither tacky nor cracks, mineral oil added 
to the boiled oil, Lippert claims, prevents such defects. If the layer 
of mineral oil on the boiled oil is but thin, it is eventually dissolved 


^ The author has yet to meet the painter that would use a boiled oil with even 
5 per cent, mineral oil ; it would be continually oozing and sweating out of the 
paint. 
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by the boiled oil and partially enveloped therein, and partly used up 
to form the new surface. The boiled oil therefore do^^s not dry 
properly, it remains soft and soon becomes unsightly, especially 
when exposed to the heat of direct sunlight, when the coat of paint 
is covered by tiny eruptions like a miniature lake of asphaltum. 
Lippert is in this case of mineral oil in boiled oil quite unintelligible, 
and its addition is so obviously senseless that even to chronicle the 
merits and defects of the mixture is preposterous. 

Boiled Oil Foots. — A good boiled oil should be pale. It darkens- 
the more the longer it is heated. The number of driers affects the 
colour, particularly manganese driers; soluble driers give a pale 
colour. During blowing, boiled oil is bleached to a certain extent ; 
likewise, during oil-boiling, mucilage is eliminated. A good boiled 
oil should be clear and mucilage-free. Small quantities of foots may 
form, but such quickly subside. A percentage of mucilage, it is 
claimed, does not alter the drying capacity of the oil, but those who 
argue so forget it robs the oil of its driers, and not only so, muci- 
lage may start a process of decay when exposed to sunlight of which 
we know nothing. Pure lead-boiled oil shows a Very bulky deposit 
of foots. Pure manganese boiled oil does not. Again the use of 
lead as rosinate forms no foots, so long as the amount of the latter 
is not too great. According to Lippert lead-boiled oil remains clear, 
with complete exclusion of air. The composition of boiled oil foots 
has not been satisfactorily determined. Lippert believes that during 
the boiling with lead oxide, lead glycerinates are formed, simul- 
taneously with foots. Yet he regards the foots as an oxidation pro- 
duct which remains on treatment with air. That may be so to some 
extent, but not necessarily. Everything points to other sources, 
mucilage, solid fatty acids, insoluble metallic soaps, oxidised fatty 
acids, either free or combined with metallic oxides. 

The Polar metric Examination of Boiled Linseed Oil— The be- 
haviour of boiled oil under the action of polarised light may be used 
specially for the determination of rosin and rosin oil therein. Fil- 
singer advises that boiled oil can be rendered paler by dilution with 
2 volumes of chloroform and 1 volume of absolute alcohol. Pure 
oxide and linoleate boiled oil only give a minimum deviation, rosinate 
boiled oils give a higher. Filsinger found boildfl oil containing rosin 
to give a deviation of + 25*’ up to + 30°. ^ 

' Effect of Blowing of Linseed Oil on Us Hexahromide Number . — 
^But more important than all the above is Jthe discovery of Hehiler 
and Mitchell that during the oxidation of linseed oil by blowing its 
hexabromide number decreases. 

The Chemical Changes which Supervem During Storage of Lin- 
seed Oil and on Heating Without Access of Air. — What chemical 
change supervenes duriilg the storage of linseed oil is an important!,' 
point, complicated by the fact that the same changes in much grater 
masses of oil supervene when linseed oil is -heated without access o^ 
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air, and heating without access of air eventually ends in dry distilla- 
tion. Mulder proved by his dry distillation experiment, and genera- < 
tions of printing-ink makers long long before him, that linseed oil ' 
when heated gradually thickens and eventually passes into a glutin- 
ous mass used as bird-lime. We shall see later on that Jonas heated 
this “bird-lime with nitric acid t« render it more solid and glutinous, 
a sort of rubber soluble in aqueous potash lye, also in much turps.. 
Sacc heated linseed oil in a retort, and a white vapour thickened 
in the neck of the retort with a smell of fish. Later on brown pro- 
ducts distil until the oil changes to a resinous rubbery mass. 



CHAPTER X. 


THE TECHNICAL OHEMTSTllY OF LINSEED OIL. MANUFACTURE 
OF PRINTING INK. 

Action of Heat on Linseed Oil, Partial Dry Distillation of Lin- 
seed Oil . — Mulder subjected raw linseed oil to partial dry distillation 
by keeping it in a retort for 36 hours at nearly boiling heat, but he 
did not allow any trace of carbon to separate. In the first 6 hours 
5 per cent, of the oil came over with the smell of acrc^ein, at first in 
fluid drops and then of a buttery consistence. In the second 6 hours 
another 5 per cent, came over as a white buttery mass. From that 
time onwards the quantity of distillate decreased so much that when 
the 36 hours were up almost nothing further had distilled. The 
distillation residue ceded very little to ether, and left, when viewed 
through a thick layer, a viscous dark-coloured rubber-like mass 
which was straw-yellow in thin layers. Mulder termed it artificial 
bird-lime. He subjected several samples to elementary analysis 
with the following combustion results : — . 

TABLE SHOWING THE ELEMENTARY ANALYSIS OP ARTIFJCAL 
BIRD-LIME. 



C. 

H. 

U. 

Found 

79'l-79'9 

lM-11-4 

8-7-9-7 

Calculated for linoleic anhydride, C 32 H 54 O 3 . 

79'2 

11-2 

9-6 

„ „ linolenic Cg^HjaG., . 

; 80-3 

1 

10-8 

8-9 


The rational interpretation of Mulder’s fractional distillation re- 
■sulti seems to be to render the polymerisation theory of oil boiling 
a still-born theory, a theory which ought to have been stifled at birth. 
Polymerisation, as applied to Mulder’s artificial bird-lime, which is 
linseed oil less 10 per cent, of something else, is absurd. In a poly- 
merised product that 10 per cent, should still remain. What was the 
weight left in the retort of this artificial bird-lime ? The record is 
silent. Mulder’s experimental fractional distillation wants repetition.' 
His results served his purpose. They do not serve ours. Inter alia, 
we want to see the destructive distillation results, not only of linseed 
oil carried to pitch, but also of artificial bird-lime itself. 




THE TECHNICAL CHEMISTUr OP LINSEED OIL. 203 


From the combustion results of bird-lime Mulder thought he had 
obtained the anhydride of linoleic acid, and, as the formula C^H- was 
then given to rubber, so he looked upon the anhydride of linoleic 
acid as an oxidation product of rubber. In the distillate Mulder 
•claimed to have found: (1) palmitic acid, m.p. 02° C. ; (2) 
myristic acid, m.p. 53° C. ; sebacic acid, m.p. 

125° C. ; (4) acrylic acid, and (5) various i fluid fatty acids, 
amongst them (0) capric and (7} caprylic acids, finally hydro- 
•carbides, which he did not further investigate. Mulder further 
•claims from the above distillation data that the whole of the glycerine 
was split off, that the acrolein was oxidised, that the palmitic and 
myristic acids passed over as 
such, that the oleic acid was 
■oxidised to sebacic acid, acrylic 
acid, etc., whilst from the lino- 
leic acid water was split off 
and fhe acid 'remained behind 
in the form of linoleic anhy- 
dride. This linoleic anhydride, 

•dissolved in potash and pi'ecipi- 
tated with acids, gave linoleic ^ 
acid, also a thin fluid oil, leav- 
ing, after this treatment, ac- 
•cording also to Mulder, a glutin- 
•ous, elastic, shrivelled mass, 

<Jornpletely soluble in ether, 
leaving behind on distillation of 
the ether a resinous substance 



■only slightly soluble in absolute 
alcohol. Mulder explained this 
behaviour on the assumption 
that the linoleic acid was “ poly- 
merised” to an acid, 


Fio. 72.— Still for the destructive dis- 
tillation of linseed oil, fitted with ther- 
mometer, still head, and pipe leading to 
condenser. 

A = body of still ; B = still head ; C = 
condenser ; D = furnace for heating 
siill. 


with double the molecular 


weight. There can now be no doubt that Mulder’s anhydride of 
linoleic acid was not a simple body and probably still contained 
glycerine. Mulder (Stained quite ' another result when he heated 
linseed oil to a high temperature in a retort. There first cametover 
(1) a small quantity of combustible gas ; then (2) 3'8 per cent, of the 
whole mass passed over as a pale watery white fluid with a strong 
■odour of acrolein ; (3) on standing the distillate became coloured 
and deposited crystals. The supposed anhydride of linoleic acid also 
behaved similarly on heating to a high temperature. It also left a 
perceptible amount of a water- white distillate which became coloured 
on standing. Mulder did not examine the latter further but believed 
it t(f consist of hydrocarbides. It may confirm Mulder’s assertion 
when it is stated that Sattler, on dry distilling linseed oil, produced 
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petroleum hydrocarbidcs, whilst Tilden obtained CrTIj^ or + coprene. 
The thick oil, got by boiling linseed oil, without driers, in’ oil-boiling 
pots, wdth lids, and thus shielded from air, was so prepared centuries 
ago, chiefly for use as printing-ink vehicles. Kaw' linseed oil generally 
contains traces of water, which are evaporated at 130° C. (2(36° I\). 
This tempci-ature, formerly known as the boiling-point of linseed 
oil, is still so known to some extent. But in the manufactui-t' of 
thickened oils higher temperatures are necessaiy, and a thermometer 
is used to measure these instead of the burnt-feather test. The latter 
w^as di])p(;d into the hot oil to see w’hether the heat singed oi* 
shrivelled it, or not. Mulder gives 310 to 320'’ (1. (500 to 608'’ ]'\), but 
indicates later that the temperature for thick boiled oil is appreciably 
higher. Weger declares that boiling oil in this wniy, viz. by 
bubbling air thiough it, is not practicable at a lower temperature 
than 330° C. (626° F.). However, Livache gives 2b0 to 270° (■. (482 
to 018’ F.) as the right heat to use for lithographic piinting-mk vehicles. 
When the boiling is finished the vapour is set on lire and left to burn 
for a short time. In (Ireat Britain this product is termed “ Burnt 
Oil ”, On the Oontinent, thickened oils are known as “ Stand Oil,” 
“Thick Oil,” “Printing Ink,” “Boiled (.)il,” “Lithographic Boiled 
Oil”. 

ANALYSIS OF THREE THICKENED OILS FROM A PRINTING-LNK 
FACTORY (X)MPRISINO THREE DIFFERENT PHASES OF THE 
OIL JIOTLINO PROCESS. (FAHRION.) 


Suni])le. 

A.id 

Iodine 

Oxyncids, 

Nuiiihcv 

N uinhor. 

per Cent. 

A. Thill and tluid 

13-4 

101-3 

0-5 

I B. Thick and tacky . 

24 -U 

77-3 

4-1 

C. ,, VISCOUS 

32(; 

73-/ 

7-t) 


Glycerine was of course split off during the oil-boiling, but sample 
0. must still have contained the greater part of its original glycerine. 
Here no sure conclusion can be drawn from the acid and the saponi- 
fication numbers ; therefore it is not evidence that a portion ot the free 
carboxyl groups have been changed by formation of esters. From 
the oxyacid content it is evident the air w’as not rigidly excluded. 
Agam, the absorption of the oxyacids was in no w'ay proji^rtional 
to the decrease in the iodine number. This decrease must, therefore, 
have another cause than oxidation. It is ascribed to “ Polymerisa- 
tion,” the aggregation of various molecules wdth one another m the 
place of the double bonds : — 

CH CH GH— OH 

II + II = I i 

CH CH CH— CH 
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Confirmation of this hj'pothesis is supposed to be found in the 
fact that 4he above-mentioned products B. and C. from the same 
thickened oils were ditferent. All were of syrupy consistency, whilst 
B. and C. were tacky, and left lon*^^ thin strings, a property which dis- 
appears in the oxidised oil. But the lattei- has the pi'ojierty of mix- 
ing with water, to foi-m an cmylsion, which do-‘s not occur with 
y)olynierised oils. For some time the term “ }»()lyineris.ition " has 
appeared both in trade journals and in ttixthooks, and is very evi- 
dently grossly and systematically misused by not too well-infoi-med 
wi'iters, who hide a geneial lack of knowledge 1)\ language calculated 
to impivss. Fahrion com])laiiis : “ One (the man in the street) cannot 
understand Lewkowitsch ^^hen In* writ(‘s that th(‘ chmnical changes 
which supervene dui'ing the thick boiling of linseed oil are not 
com])letely understood, and yet classifies them iindi'r the term 
‘ pol\ merised oils’”. 

Some years ago, 'Leeds examined a series of “ ])olymeris('d ” oils 
ol Marions consistency, 1 to 5. No. (i is a so-called “burnt thin”, 
’rile tabic shows a continuous lise in the sjaadlic gravity, the ox\- 
acids, and the free fatty acids; first a rapid, then a slower deci’ease 
in the iodin(‘ number. That the saponification numlu'r first increases 
to tall later is due to the formation of \olatile fatty acids which, later 
on, arc volatilised at a greater heat. 


IfilINCTNCMNK VEHICLES. (LEEDS.) 


• 

"ee 

■ 1 

^ r 

il I’ 

P'2 

‘P Zf 

.is 


\ 



I-' rt 

o< 

w r- 

Jlaw linseod oil 

i 0-l)321 ; 

0-85 

194-8 



f)-30 

109-0 

(1) Tint 

'' 0-95S4 : 

J-40 

197-5 

— 

1-50 

113-2 

I'l) Thin 


1-70 

196*9 

0-62 

2-50 I 

100-0 

(3) Middle . 

()U721 ' 

1-71 

197-5 

; 0 85 . 

4-20 

91-6 

1 (4) Strong . 

0 9741 1 

2-10 

190-9 

i 0-79 , 

0-50 

86-7 

1 (.5) Extra strong . 

0-97k() ; 

2-51 

]88-9 

' 0-91 ' 

7-50 

83-5 

I (()) Burnt thin 

, ' 0-9075 1 

G-93 

195-5 

1 1-35 

0 85 

92-7 

Oxidised oil (weak) . 

. 1-03 i 

lH-28-4 

221 

! 0-81 

' 42-82 

58-8 

1 „ „ (strong) 

, ' 1-05 ! 

18-49-28-9 

22 *5 

, 0-97 

44-19 

53-5 

1 Dried linseod oil . ^ 

— I 

12-67 

17J -5 

1 0-81 

' 31-58 

93-9 


Tile unsaponifiable increases throughout being largest in amount 
in the burnt oil. Hydrocarbides are also produced, but to a very 
small extent. In the case of the mixed fatty acids the specific 
gravity and the iodine number generally run parallel with those ot 
the glycerides. The great decrease in the iodine numbers of the 
linseed oil fatty acids by the above method of heating requires ex- 
planation; the evident shrinking of the mean molecular weight is 
probably due to hydrolytic products. It may be safely concluded 
from the above figures that the changes which occur during oil boiling 
Are not due to retrograde saponificfttion*. 
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PRTNTINCMNK VEHICLES. (LEEDS.) 
^flXKI) F^TTY Ac[]>S. 




‘io 'i 


he 

.£ 




= ^ 





cUI 

.Z ^ V 

aQ 

1 

HI 

O 3 

X > 

a i 

i\a\v Imsccd oil 

. 0d)2;-l 

24 2G-h 


2SG-5 

1!)5-S' 

145-n 

(1) Tint 

. OdDJ 

20 5 

15 

_ 


1 IH-;J 

‘ (2) Thin . 

. , 

22 

: IS 

1 



JOH-S 

(H) Mcdinm 

. 0%0 I 

24 

1 2'2 

272 -G 

2()5-S 

07-7 

, (1) Strong . 

. , 0!)f)d 1 

[ 25-5 

24 

270-1 

207-7 

S7-:5 

(.0) Extra stiong 

' OdF/j ' 

27 


2G0-8 

207-0 

oo-s 

(G) Burnt thin . 

I 

2d 

1 

— 




Oxidised oil (weak) 

. i — . 

2.S 

1 

241-4 

2:52-4 

(iS-2 

„ (strong) 

1 Diiod Imsc'cd oil . 


27 

I 25 

212-5 

2:51-:-5 

GO-G 

- : 

20 

i 22 1 

2GS-S ' 

20H 7 

100-:5 


The Decreaml Sttliihililif of Thick Oil and Stand Oil in Alcohol -- 
n. Amsc'l I'oinid thick oil and stand oil loss soluble in alcohol than 
raw oil. The tost was made thus: 1 ^^n-aniino of oil with ‘20 c.c. 
alcohol at sninmor tcm}ioratn]-e with frequent shakin^^ lot stand 
24 hours and then 10 c.c. liltei’ed off. pure linseed oil in this way 
^nive 20 per cent, in solution. Foui- sain})les of thi(;kened oil ^nive 


TABT.E SlKHyiNfi (^0 SAPONIFICATION NUMBER, {(>) IODINE NUM- 
BER, ANT) (0 SOLUBILITY IN ALCOHOL OF FOUR SAMPLES OF 
THICKENED LINSEED OIL. 


Niiniher ot 

Sapomlicatiou 

Iodine 

Solubility 111 

Sample. 

Number (a). 

Numlx-r (//). 

Alcohol (r). 

I. 

195 

94-4 

lH-5 

II. 

194 

104 

17-7 

HI. 

209 

— 

9-2 

IV. 

192 

— 

G-0 


% 

The Jncirased llefr action of Heated Linseed Oil. — With stand 
oil and thickened oil there is a considerably higher refractioR than 
for raw oil (HO to HI -5 at 25'’ C.). 

REFRACTION OF STAND OIL AND THICKENED OIL. 

Butyroiiiolrii.- 
Rclnictioii (25^ C.). 


Commercial stand oil Otpy 

Thickened oil 


The refraction increases with the temperature. 
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TABLE SHOWING INCREASED REFRACTION ON HEATED LINSEED* 
, OIL. (WEGEH.) 


Biityvniictric 
IJefiMction (“J:V’ 


Paint ImseofI dil 81 -3 

,, ,, (■> hours lioatetl to LW . . . 8‘J-7 

,, iM litro flask lioat 4 *d to 1180’' C., imiciliigo 

freed 82 i 

„ ,, ill liliv flask licated to 315" C., uuicilagc 

freed ....... 82*5 

„ „ 40 hours lu-atod to 180 ' lo I'.IO" C. . IK)-!) 

,, 5 minutes to 300' C K)2‘3 


Lewkowitsch foniKl diii’in” hoiliii^^ of liiistrd oil that the lioxii- 
l)roiiiide value rapidly decreased. 


ANALYTICAL RESIH.TS OBTMNKD P.Y LEWKOWITSCH IN THE 
EXAMINATION OF NINE S\MlHiES OF LTTHOGltA ITl 1C INK 
VElllGLES»i 





i(Mhii«‘ 

Value. 

Flexa- 

hroiunles 

' 

1 Icliiicr 
Value. 

Oxidised 

Fatty 

Acids. 

Piisa- 

[loiiiliahle 

Matter. 

Raw linseed oil 

().ii:{08 , — 

180-1 

: 24-17 




Linseed 

oil 







heated toflOO 

oy 

0-9354 1 — 

170-3 

1 8-44 

— 

— 

— 

Thill varnish 

1. 

0-9<i7() 1 189-5 

107-7 

: 0 17 

94-75 

4-17 

1-70 

• 

11. 

0-9091 1 193-0 

125-3 

2 00 

94-8 

0-34 

0-13 

Medium I. 


0-9093 , 194-1 

121-9 

0-!)5 

93-8 

1-48 

0-57 

H. 

Thick 1. . 


- 0-9703 i 190-5 

120-5 

; 0-0 

— 

1-53 

1-8 


1 0-9720 i 190-0 

109-4 

: 0-21 

94-08 

0-30 

1 -45 

„ If. . 


0-9747 , 193-7 

118 5 

! 0-0 

95-0 

0-30 

0-25 

Burnt 


0-9912 178-0 ' 

102-0!) 

i 0 0 

j 

93-53 

9-12 

1-14 





Iodine 
Value ot 

i 

Iodine Value ot 



(JlvemiK- Acid 

Acictyl 

, fai|Uid 

Fatty 

Acids. 





Olitaiiicd. Value. 

Value. 

Fatty 

A«-ids. 

LK|iud 

Acnls 

Solid 

Acids. 

Thin T. . 


9-71 0-09 

0-5 

114-74 

; 39 31 

131-29 

100-2 

Thick 1. . 


9-17** 5-12 

10-5 

; 113-53 


180-4 

106-43 


Bearn analysed a series of priutingj-ink vehicles, which were pre- 
pared by heating linseed oil for a longer or shorter period at 800° C. 
and then “ burnt 

’ Seven commercial samples were purchased and grouped according to their 
specific gravity. They gave the above results. The second samples, thin I. and 
thick I., were still further examined and the fatty acids extracted by Wan-entrap’s. 
method. 



THE MANUFACTUEE OF VAENISHES. 


Wb 


TABLE SHOWING ANALYSIS OF A SERIES OF PRINTING-INN 
VEHICLES. (BEARN.) 


Class ()l A'eliicle. 

nv.) 

Frttc P’atty ' 
Acids, per 
CViit. 

Cusaponi- 
fiahle, ])er 
Cent. 

j Siij)ini- 

1 IlCiltlOll 

! Number. 

Iodine 

Niiraher. 

j Very thin stand oil 

0-9152 

3-19 

0-35 

180-5 

157 

1 Thi'n 

0-9105 

4-49 

0-27 

178-4 

123-2 

Middle 

0-9574 

5*25 

0-31 

183-8 

115-4 

Thick 

0-9589 

0-90 

0-38 

182-0 

75-1 

1 Vm Lhick ,, ,, 

1 

0-9070 

10-20 

0-43 

190-3 

59-0 


The chief point in this table is the njisa])onifiah]e content. It falls 
slightly, to rise again, as during the boiling of the oil a portion of 
the original unsaponifialile is destroyed, hut no fresh unsaponifiable 
mattei’ is generated. Tixiers TJicori/.- -.Another anomalous result 
was obtained by A. Tixii'r. In his opinion linseed oiJ when heated 
alone, with exclusion of air, to about 300'' C>. (572"' F.) loses little in 
weight, as the acid number and saponification number change little. 
However, the sjiecific gravity rises above J and the oil solidifies. 
Tixier likens the process to an aldol condensation, the carboxyl 
groups remaining combined with glycerin, and as oxygen is not 
present, aldehyde gi’oups cannot be produced. Moreover, a rear- 
rangement of the hydrogen atoms can hardly occur without a re- 
cijirocal neutralisation of the double bonds. Such can be imagined 
in regard to the inner half of the molecule without “ polymerisation ”. 
The increase in gravity and consistency favour a higher molecular 
weight. 

Fokins Fjxperimcnts . — lie, at one time, heats linseed oil in in- 
dillererit gases, ('0.^, NH^, at another time in sealed tubes to 250 
to 300° C. (4H2 to 572° F.). The greater thickness obtained was traced 
back to “ polymei’isation ”. The polymerised glycerides can no longer 
be split up by lipase, and therefore the linolenic acid first polymerised 
may be isolated thus by the sjilitting process. In the determination 
of the freezing-point in benzol solution the molecular weight w^as 
found to be 20H3, the original gave 0’H32. The iodine number of the 
polymerised oil was about' 141. In another research the linseed oil 
was heated for 50 hours in a sealed tube to 240 to 270° C. The 
molecular weight was 1913, the free fatty acids 32’G per cent.,»iodine 
number 97'5. The lijjase treated ])roduct was dissolved in petroleum 
ether and boiled 3 to 4 hours wdth bone *char. The evaporated 
residue gave the molecular weight 564. Fokin therefore concludes 
that a depolymerisation of the bonds has occurred wdth the formation 
of di and monoglycerides. A thiid polymerisation product had the 
specific gravity 0'981, the molecular weight 1681, with 12*5 per cent, 
free fatty acids. By boiling the petroleum ether solution with bone 
char the molecular weight sank to 1239, and on further treatment 
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•with lipase to 803 ‘5. ’ In a fourth research the linseed oil was heated ■ 
under a pressure of 90 to 118 atmospheres for 30 hours at 250 to 
270° C. In spite of very great thickening the molecular weight only 
rose to 932*1. The question has been asked whether the thickening in 
this case was not due to physical causes. Free linoleic acid heated 
in a sealed tube doubled its molecular weight. It will be seen that 
the chemical action which occurs during the thickening of linseed oil 
by beat is by no means perfectly clear. On the technical side the 
question has been raised whether linseed oil bleached by sulphuric 
acid should be used for stand oil, as small traces of this acid in the 
refined oil impart a dark colour to the stand oil made from it. No 
•drier is used in the preparation of printer’s-ink vehicle, as it adheres 
so strongly to the type that it cannot be removed by hot lye. In the 
preparation of thick and stand oil, the oxygen of the air should not 
be utilised ; heating in a vacuum is to be preferred. .4. Genthe covers 
the oil with a movable sliding door. Finally, attempts have been 
made to remove the decoiiqiosition products in various ways. The 
•chief ingredient of printing-ink vehicles is linseed oil after being 
boiled in a very special wa) ; sometimes hemp oil is cheaper but 
' worse smelling. .4 limpid, quick-drying oil, like that used in oil 
Tarnish-making got by boiling the oil at a heat below 220° C. (392° F.), is 
not wanted, but rather a viscous, partially resin died, partially decom- 
• posed oil such as is obtained by heating the oil a long way above its 
flash-point, i.e. above 250° C. (522° F.) (vide infra ) ; such an oil leaves 
ino greasy stain on papei*. 

Medium for Printing Ink and Lithographic Varnish Expcnmimt, 
— Kun about 4 ounces of linseed oil into an 8 ounce hard-glass 
flask. Weigh the flask without and with its contents. Place 
the flask on a ring (Fletcher’s burner with foot) and heat very 
•cautiously at first, using a low blue flame, then increase the heat 
.gradually and watch the oil ; it may possibly “ spawn ” or “ break ” 
•owing to the presence of mucilage, but continue heating until, 
when at about 550" F. is reached, the oil takes fire at the mouth 
•of the flask. Note the exact degrees Fah. Put out the gas then, 
extinguishing the flame from the linseed oil vapour by covering the ' 
mouth of the flask with not too large a piece of damp but not wet 
<jloth. Then after theilame has been extinguished, remove the cloth, 
Kjontinue to heat the oil at 550° F. until it catches fire again ; agjiin 
, extinguish, and again reheat until it takes fire once more. Put the 
.gas out, let the oil cool on the Fletcher ring-burner on foot, and then 
re-weigh the flask and contents and note the loss in weight. De- 
scant the clear oil from the deposited mucilage. This experiment 
teaches numerous lessons. The most important are : (1) The lesson 
k'tconveyed, the loss in weight which is not all due to the burning of 
^the oil. (2) The fact that the vapour given off by the decomposi- 
^ition erf the oil is not a will-of-the-wisp even if it burns. (3) That 
^vapour was being given off long before it caught fire, as it affected 

' VOL. L 14 
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both eyes and nose previous to spontaneous ignition. (4) That it is 
not the vapour of the actual oil that catches fire hut th(. vapour of 
the products into which the oil is so far resolved by the destructive- 
distillation it undergoes in heating from 60° F. to 550° F. Linseed 
oil so long as it remains linseed oil is not volatile. (5) That the fact 
that linseed oil when boiled at a high temjierature gives otT an in- 
flammable vajiour which takes fire sjioritaneously irrefutably de- 
rnonstrates^tbat the polymei'isation theory as ap])lied to oil boiling 
is, to say the h'ast of it, unpardonable rank chemical heresy. (G) 
Note that the oil is so viscous that it does not readily flow from the 
flask, but that is not because the oil is polymerised ; it is thicke.ned 
partly by oxidation, partly by fractional distillation. (7) Note that it 
does not stain paper. In fact, the operator will in all probability 
have made an excellent sample of printing-ink vehicle, and that too 
in less than half an hour : and if the experimenter be a printer be can 
readily test the eflicicncy of his ink by rubbing it up with the reipiisite 
amount of lampblack. The printing and lithographic classes in 
technical institutes where the manufacture of painters’ oils, colours, 
and varnishes are taught should be so far afliliatcd that both the 
lithographer and the printer, and apprentices in particular, should lie 
taught by actual practice in the Oil and Oolour Trade Tjaboratory 
how to make their own printing inks— i.e. how to incorporate lamp- 
black, vermilion, and other pigments with the samples of printing- 
ink vehicle they make as in the experiment just described. 

The reader, after performing the above experiment and -testing 
his product in every way that may occur to him, will have a far better 
idea of what printing ink and its vehicles are than can be conveyed 
to him by any written description. If it be desired to make a 
larger quantity, then an enamelled iron pot may be used, and if op- 
portunity occurs sufficient ink may be made to test it on the printing 
or lithographic machines in a printing and lithographic school. 

Befining Baiv Liiineed Oil for Priniing Ink. — In the experiment 
just described, we saw that the linseed oil “ spawned ” or “ broke ” or 
was liable to “ spawn ” or “ break ” . The object of refining is inter 
alia to eliminate this mucilage or “ slime,” as the Germans call it. 
Old tanked oil of prime quality is used to avoid the too dark 
colour and the not too pleasant smell of ordiuii-ry raw oil. It should 
be tanked a year or two so that all suspended impurities have com- 
pletely separated out. Old tanked oil should be used, but"' it must 
still be specially refined by sulphuric acid. One great object of the 
sulphuric acid treatment is to bleach the oil, but unless the refiner be 
a man of experience the colour of that oil will in all probability 
be worse after treatment than it was before, although, as already 
mentioned, it can be got as near water-white as may be. The oil 
is mixed in a lead-lined vessel with 1 or 2 per cent, of sulphuric acid 
of about 103° Tw., specific gravity 1'515, and heated for several 
hours bv means of a steam coil to a temperature of 90° C., taking, 
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care not to go beyond 100° C. The oil is then pum])ed into another 
tank to allmv of the deposition of cliarred matter, and is afterwai'ds 
xlecanted into a tank containing hot ^^ater, with which it is well washed, 
running off the wasli water and agitating afresh, and so on until all 
trace of acid is removed. The oil is then boiled. As drying oils con- 
tain a certain (piantity of fatty matti-r (palinitin) which does not dry 
and causes the jiriiiting ink to blot or blur, it has l)eon recommended 
to eliminate it by adding to every 1000 jiarts of oil 1 or 2 parts of 
fuming niti'ic acid, which deconijioses the palmitin into glycerine and 
palmitic acid, w'hich may thus he jirecijiitated as insoluble ])almitate 
of lead or mangam'se. This jirocess is an awkwvard and a dangerous 
one, not adopted to any exttmt , fuming nitric acid, in conseipience 
of being easily decoin])oseHl, is by itse'f a dangerous substance; this 
danger is intensified to the highest degree w'hen the acid is mixed 
with organic matter. Dangeious ex])losions may result and the oil 
take lire. 

DvHcriplion of Oil Iloilnuj-jHiii In icltich Jjinsrcd Oil is ''Boiled'' 
so as to Coiireii it into n J*rintin.if-/nli 177/ /c/c.- If the injection of air 
he not resorted to by adopting oiu' or other of the methods of air- 
blowing of oils, a pan ca])ahle of being heated over a naked lire must 
be used. In boiling oil liy steam it is thickened by oxidation. ] n boil- 
ing over a naked lire it is thickened mainly by dry fractional distilla- 
tion. In the lattei' case the oil is boiled either in a cylindrical copper 
pan, the lower half of which iits into the brickwork of the furnace, 
where it is kept in position by a collar which at the same time acts as 
a gutter to collect any overflow, or in a cast-iron enamelled pan. The 
pan is handled by an iron hand encircling its top. Attached to the pan 
are strong lugs by w^hich it is moved about safely. The capacity is 60 
to 85 gallons. But in certain important factories in France, says 
Livache, the boiling is done in jacketed paiis which do not cube less 
than 600 to 700 gallons; hut in London that w'ould he a small pan, 
where they boil oil in pans that take 10 tons at a time. In such 
cases a mechanical agitator is kept going during the boiling process, 
which may last two or three days, and with a 10-ton pan it is generally 
a horizontal helicoidal agitator like the propeller of a ship. But 
steam boiling must not be mixed up with lire boiling of oil. It has 
a special section to itst^. 

The Actual Process of Fire Boiling of Raw Linseed Oil so a^to 
'Convert It into a Printing-ink Vekuic. — The pan is filled half or at most 
three-quarters, a moderate heat applied so as to eliminate moisture. 
The slight ebullition caused thereby is not to be regarded as the “ boil- 
ing” of the oil, although in former days it probably gave rise to the 
term, it is really the boiling of the water in the oil ; when the oil 
“ boils ” quietly, i.e. when the water is expelled, the fire is urged 
until volatile, pungent, and disagreeable smelling products are given 
off. This takes place at a temperature of 250° to 27(^ 0. (482° to 
518° F.). In certain factories the workman satisfie^s himself as to 
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this being the case by dipping in organic matter, such as a feather, , 
* for instance, which ought to inflame ; or by projecting tiue drops of 
water on to the surface of the oil, which as they fall decompose and 
scintillate, or, in other words, present, in consequence of the absorp- 
tion of oxygen by the oil and the inflammation of the hydrogen, the 
appearance of stars. The fire is > now carefully watched, for the oil 
may froth over or the vapours ignite. The frothing over is parried 
by adding a little cold oil. The oil becomes bright and more fluid at 
first, hut, on being kept at this temperature for 1 or 2 hours, a brown 
red skin forms which is skimmed off as rapidly as possible. The 
temperature is now raised to 310'" C. (590° F.), and kept at that for half 
an hour, watching the process with the greatest of care as the spon- 
taneously inflammable vapours are very apt to catch fire. A well- 
fitting lid and wet cloths should be always at hand. The fire is let 
die down and the heat lowered to 2G0° C. (490° F.) to 270° C. 
(518° F.), when the pan is taken from the fire, covered with a bd and 
cooled. Certain makers, instead of cooling the oil after taking it 
from the furnace, set fire to the vapour it emits, and let it burn for a 
tew minutes, as was done in the experiment previously described. 
They regard this treatment as indispensable to the production of a 
good article. Others contend that the same result is got by boiling 
the oil a little longer, which saves the appreciable loss of oil in- 
curred by burning, and a much paler oil is obtained. Without ex- 
pressing an opinion either way it may be well to point out that Savage 
was undoubtedly correct, because linseed oil when heated by a fire heat, 
and air not blown into it, does not thicken sufficiently until heated 
beyond the temperature at which the vapour given off by the linseed 
oil catches fire spontaneously. If the partial dry distillation of the 
linseed oil has not been carried far, one can readily imagine it will 
be as well for those vapours to be burnt off as to fall back into the 
oil. As to the oil darkening by burning, if that be so the darkening 
is so small as to be inappreciable. To heat linseed oil above the 
temperature at which its vapours catch fire in air, without spontane- ■ 
ous ignition, the air would have to be replaced by an inert gas, and 
that would spoil the oil. This attempt to belittle the burning process 
is only another absurd attempt by ultra-grandiose theorists abso- 
lutely ignorant of the rudiments of the subject they pretend to teach 
in 'brder to prove the rule-of-thumb man wrong. It is not a question 
of whether inflaming the oil is a necessity ; but who and what is to 
prevent linseed oil from inflaming when Its temperature is raised far 
above its flash-point, above that at which it spontaneously ignites. 
This the author (McIntosh) found it to do at the orifice in a medium . 
narrow necked 6 to 8-oz. flask, an ordinary necked 8-oz. flask in, 
fact, when the oil registered a temperature of 525° F. 

'^String'* Test. — The exact moment when the pan ought to be^ 
removed from the fire is determined by the “ string” test. A small^ 
sample of oil is taken from the pan on an iron spatula, and cooled 
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rapidly. A drop is taken and pressed between the finger and thumbs 
which are •then gradually drawn apart as far as possible.- If the oil' 
is sufficiently boiled, the thread joining the linger and 'thumb to- 
gether stretches 1 to 2 inches without breaking. 

ProperlieH of Good Printing Ink. — Good printing ink has the 
requisite body of a pale, bright yellow colour — not deep yellow or 
brown — and is not cloudy from matters in suspension. It is very 
evident that the l)ody of the oil will depend upon the purpose for 
which it is intended. For printing books and lithographic work an 
oil having a good body is required, whilst for newspaper printing a 
soft, almost fluid oil is used. According to Villon, who made an 
elaborate study of printing ink, five kinds of oil of different body or 
consistency are in the market, viz. ; — 

(1) Extra strong, (2) strong, (^) medium, (4) weak-bodied 
oils, and (o) drying oil. The strong-bodied oil (2) is used in summer 
for very particular work with the band press. The medium oil (3) 
is used in ordinary weather. The weak-bodied oil (4) is used in 
winter with the mechanical press, whilst the drying oil (5) is used to 
prevent the formation of the oily ring around the letters. 

Dricm and Extra Strong-hodicd Oil. — Usually no driei-s ai*e used, 
because oil boiled with driers would clog the type, and could not be 
removed even when washed with a hot alkaline solution. There is 
sometimes, however, an advantage in using such an oil, and to meet 
this want the oils known as “extra strong” and “drying” oils are 
manufactured. 

The “extra strong-bodied ” oil is made by boiling with lead salts, 
and the “drying” oil by boiling with an oxide or salt of manganese. 

Stronij-hodied oil (2) {hnllc forte) is prepared by setting fire to the 
oil, letting it burn for five minutes, and stirring several times. The 
flames are put out and the oil again set on fire, twice at least, and 
sometimes four times. The cooled oil strings like treacle. The 
“ fatty ” oil is made by shortening the burning pi’ocess, and is inter- 
mediate between the other two. Nowadays a process similar to that 
used in making ordinary printing ink is adopted. The removal of 
grease by onions or bread is then effected by nitric acid, as previously 
indicated, or by magnesia. This latter, which is extensively used in 
England, consists in**addiug 2 per cent, of maghesia, boiling for 
an hour, and decanting. The oil is then run into a pan capable of 
holding* 42 gallons, and gradually heated to 182° C. (327*6° F.), 
3 hours being occupied in attaining this point. About IJ lb. of finely 
ground bichromate of potash is then added, and the temperature is 
raised to 300° C. (572° F.), stopping the frothing of the oil by adding 
a little cold oil, then it is kept for half an hour at a temperature 
between 315° and 320° C. (599'" to 608° F.), after IJ lb. of Prussian 
blue have been slowly added. “ Strong-bodied” oil is thus obtained,^ 
interinediate between the other two. To make “ fatty” oil, the oil is 
only heated for 5 minutes to 300° to 305° C. (572° to 581° F.). With 
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“pale” oil the heat does not rise above 275“ C. (527" F.), which is 
maintained a quarter to half an hour accordirij^f to the object in view. 

In reference to certain so-called “ rule-of-thumh ” practices in 
connection with this process, it is necessai^ to point out that the 
badly informed theorist is unaware that the onion contains sulphur 
in oi-^^anic combination, in such combination in fact that it readily 
yields itself to tile ])artial vulcanisation of the oil, and contributes 
to the drying, thus acting beneficially on oils intended for certain 
])in poses, more especially for printing ink. Nor is there any reason 
why bread should not accumulate palmitin in its pores. Why should 
not bi-ead act in much the same way as a “ hygroscopic ” sub- 
stance to palmitin, the most viscous of the ingredients of linseed oil? 
Those who in season and out of season would air their superior 
knowledge should take care that they are not the ])ersons whose 
lack of true scientific knowledge is most palpably in evidence. 

The highly conqilex oiganic sulphur compounds elaborated in the 
onion act chemically on the oil to form sulphur compounds ; they 
partially vulcanise it just as litharge is reduced to metallic lead and 
parts with its oxygen to the oil. In like maniiei’ the “ drying 
oil ” is obtained by heating for 15 hours at 275° C. oil to which 
0'05 ])er cent, of the hydrated oxide of manganese has been added, 
or by boiling oil for 24 hours at 300° C. (572° F.), with 0‘5 
per cent, of black oxide of manganese. Tf borate of manganese he 
used 4 lb. of this salt are beaten up with 25 Ib. of linseed oil, and 
the homogeneous mixture run into 200 lb. of linseed oil, and the whole 
heated for 4 hour at 250" C. (482° F.), or \ hour at 816° C. (600° F.). 
This should give a 2 per cent, solution of borate of manganese in 
the bulk of the oil. Some manufacturers are said to add 24 per cent, 
of oxalate of manganese (MuCa,OjTI 2 ()) whilst applying heat for 
3 hours at 150° C. (302° F.) to 160° C. (320° F.) — but that is far too low 
a heat to dissolve that drier — or simply add a manganese soap 
dissolved in coal-tar naphtha petroleum ether, turps or white spirit. 
Turps is a better solvent for linoleates and rosinates than white 
spirit. 

Use of Basin . — Black rosin is an important article in the com- 
position of good ink ; as by melting it in the oil, when that ingredient 
is sufficiently boiled and burnt, ^ the two combine, and form a com- 
pouiid approximating to a natural balsam, like that of Canada, which 
is itself one of the best varnishes that can be used for printing ink. 
When great body is required without having recourse to prolonged 
boiling, rosin is added. Rosin is, in fact, extensively used in the 
making of printing ink. With ordinary black ink, common rosin is 
used, but for fine, coloured inks, pale American rosin is employed. 

^ Note these words, because they inculcate a principle which is this, that 
rosin when heated to a certain temperature, that is, subjected more or less to dry 
distillation for a certain time, ceases to be rosin and is changed to a new body 
altogether more fit for the duties it is called on to perform. 
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The rosin is melted, filtered to eliminate rubbish, and added to the 
oil duringtcookin" or boiling. When very high-class inks are re- 
quired for jobs to he executed in an especially neat and delicate 
manner, balsam of Peru, Canada balsam, or copaiba balsam are used 
instead of rosin. 

Copaiba balsam is said to produce a good extemporaneous ink 
when mixed with the proper quantity of soap and pigment. 

Balaam of captri, mixed by a stone and a muller, with a due pro- 
portioji of soap and pigment, forms an extempoi’aneous ink, which 
the printer may employ very advantageously when he wishes to 
execute a job in a peculiarly neat manner. Ckinada balsam does not 
answer quite so well. 

Soap . — This is a most important ingredient in printers’ ink, which 
is not even mentioned in any ot the recipes prior to that in the 
“ Encyclopa‘dia Pritannica Poi- want of soa]), ink accumulates upon 
the face of the ty])es, so com])k‘tely as to clog them up after com- 
paratively few impressions have been taken ; it will not wash off 
without alkaline lye and it skins over very soon in the pot. A certain 
quantity of hard soap is added to the oil during boiling, which imparts 
siqipleness, hut its principal object is really to facilitate the cleans- 
ing of the ty])e, enabling this to l)e done with a brush. The soap 
ought to be perfectly dry, that is, to have been left for a long time in 
thin slices at 100"’ C. (212’ 1\), until it ceases to lose weight. 
Ordinary yellow rosin soap is used for common black ink, but for 
fine irtks, for light and delicate shades of colour, white curd soap is 
used. Too large a proportion of soap retards drying and gives ris(i 
to irregular printing. The printing-ink maker should only use as 
much soap and no more as will cause the ink to work clf‘an and 
without clogging the type. The following are a few examples with 


quantities 

Best. 

Medi 11111. 

Onliiiarv. 


11). 

11). 

lb. ' 

Boiled oil ... 

. 100 

100 

100 

Rosin .... 

. 25 

50 

75 

Soap .... 

4 

0 

8 

Drying oil 

6 

9 

12 


For ordinary, su(;h as newspaper, work great economy is neces- 
sary, hence in place of boiled oil there has been used a mixture of 
raw oil and thickened turpentine ; the quantity of rosin is increased 
and the requisite fluidity obtained by the addition of rosin oil. 

The proportions given by And6s are as follows, according to the 
amount of body required ; — 



11). 

lb. 

lb. 

Raw linseed oil . 

. 140 

no 

90 

Rosin oil . 

. 240 

240 

240 

Rosin .... 

. 210 

210 

210 

„ (i.e. yellow) soap 

5 

5 

5 

Thickened turpentine 

. 5 

5 

5 
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Common inks are made very cheaply by replacing linseed oil by 
rosin oil, for which purpose the following recipes have been given : — 


Rosin oil 
Rosin 
„ soap . 
Ordinary soap 


lb. 11). 
1000 1000 
400 780 
100 780 
100 180 


GOYNEAU’S PRINTING INK. 



Ih. 

lb. 

lb. 

LinKeed oil . . . | 

979 

400 

980 

Litharge .... 

125 

60 

122 

Rosin .... 

735 

380 

980 

Syrup .... 

245 

980 

958 


Method of Addimj Tiosin aiid- Soap to the Burnt Oil and Subse- 
quent Beheatinq o f the Latter . — After the smoke bogiiis to rise from 
the boiling oil, a bit of burning paper stuck in the cleft end of a 
long stick should be applied to the surface, to set it on fire, as 
' soon as the vapour will burn ; and the flame should be allowed to 
continue (the pot being meanwhile removed from over the lire, or 
■ the lire taken from under the pot), till a sample of the varnish, cooled 
upon a palette-knife, draws out into strings of about inch long 
between the fingers. To 6 quarts of linseed oil thus treated 6 lb. 

' of rosin should be gradually added, as soon as the froth of the«ebulli- 
tion has subsided. Whenever the rosin is dissolved, 1 j lb. of dry 
brown soap, of the best quality, cut into slices, is to be introduced 
cautiously, for its water of combination causes a violent intumescence. 
Both the rosin and soap should be well stirred with the spatula. 
The pot is to be now set upon the fire, in order to complete the com- 
bination of all the constituents. 

Put next of well-ground indigo and Prussian blue, each 2-^ oz., 
into an earthen pan, sufficiently large to hold all the ink, along with 
4 lb. of the best mineral lamp-black, and 3^ lb. of good vegetable 
, ' lamp-black ; then add the warm varnish by slow degrees, carefully 
stirring, to produce a perfect incorporation of all the ingredients. 
This mixture is next to be subjected to a milll^ or slab and muller, 
till ijj be formed into a smooth uniform paste. 

One lb. of^a superfine printing ink may be made by the following 
^ recipe of Mr. Savage : Balsam of capivi, oz. ; lamp-black, 3 oz. ; 

indigo and Prussian blue, together, p. eeq. oz. ; Indian red, j oz. ; 

: / turpentine (yellow) soap, dry, 3 oz. This mixture is to be ground 
upon a slab, with a muller, to an impalpable smoothness. The 
,f pigments used for coloured printing inks are — carmine, lakes, ver- 
milion, red lead, Indian red, Venetian red, chrome yellow, chrome 
'/^\red or orange, burnt terra di Sienna, gall-stone, Eoman ochre, yellow 
ochre, verdigris, blues and yellows mixed for greens, indigo, Prussian. 
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blue, Antwerp blue, lustre, umber, sepia, browns mixed with Venetian ^ 
red, etc. • 

Indigo alone, or with an equal weight of Prussian blue, added in ; 
small proportion, takes off the brown tone of certain lamp-black inks.. 
Mr. Sivage recommends a little Indian red to be ground in with the 
indigo and Prussian blue, to give a rich tone to the black ink. 

The following tables give various kinds of printing-ink vehicles 
which find employment in this branch of industry : — 


PlllNTING-INK VEHICLES. 



' 1. 

[I. 


' lb. 

lb. 

1. Venice turpentine 

. ; GO 

0 

2. Olein .... 

. , 30 

4 

3. f^oft soap .... 

. ' 80 

10 

4. Lamp-black 

. 1 50 1 

4 


1 

01 ’ more 

5. Prussian blue . 

*1 1 

— 

6. Oleic acid .... 

. 20 

— 

7. Water 

.J , 20 

— 


Mix 1, 2, and 3 with aid of heat. Stir in i after sifting finely, then 
incorporate with I. the solution of 5, 6, 7. The 40 lb. of Prussian 
blue may be replaced by 20 of indigo carmine first rubbed up with 
water.* It is claimed for II. that it can be removed from old printed 
paper and renders printers’ lye unnecessary. 


PIUNTINC-INK VEHICLES. 



rS 








'o . 

. i 

i. 1 

o 

w 

^ CO 


o 


V 

£ 

Eh 

K ' 

'1 

OS 

Rosin 


s 

Eh 

& 

Thick . 

150 

75 

75 

9 

12 

_ 

_ 

„ lla 

.i50 

150 

150 

15 

12 

— 

— 

„ Ilia 

150 

220 

150 

21 

12 

— 

— 

Medium !»'<' . 

150 

75 

150 

9 

12 

— 


» ’ Ib< . . ! 

150 

150 

150 1 

15 

18 

— 

— 

„ III« . . : 

150 

150 

150 j 

20 

27 

— 

— 

Thin Iwo 

150 

75 

150 ! 

9 

21 

— 

— 

„ lla . . 1 

150 

150 

150 

15 

27 

— 

— 

„ Ilia . . 

150 

22G 

150 

21 

36 

— 

— 

Thick I>«fl . . ; 


. 210 

240 

5 

— 

5 

87 

„ Ila . . 1 


210 

276 

7 

— 

7 

60 

Medium la 

— 

1 105 

240 

5 

— 

6 

210 

„ Ila . 

— 

1 105 

300 

7 

— 

7 

160 

Thifl la 

— 

1 130 

240 

6 

— 

5 

160 

„ Ila . . 

• — 

! 150 

1 

345 

7 

i 


7 

110 
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llosin 
,, oil . 
Boiled oil 
liosiii soap 
Thin-boiled oil 


PRINTING-INK VEHICLES. 


'J’hiii. 

Medium. 

Thieh. 

11). 

11). 

lb. 

25-75 

25-50 

25-75 

50 

50 

50 

50 

50 

50 

8-7 

8-7 

8-7 

7-12 

4-0 

— 


i Medmiii, I 

Tlim, with I Tliiek, 

with Boiled Oil. ; Boiled ‘ with Boiled Oil. 
Oil. 



lb. 

lb. 


lb. 

lb. 

lb. ' lb. 

lb. 

lb. 

lb. 

lb. lb. lb. 

lb. 

lb. 

; Rosin oil . 

50 

50 

50 

— 

— 

— ' — 

— 

— 

— 

■; .50 

.50 

50 

' „ ... 

25 

50 

75 

125 

250 

884 1 2.50 

125 

884 

125 

2.50 85 .50 

50 

50 

; Boiled oil . 

50 

50 

5 

500 

000 

(JOO 000 

5tX) iOOO 

500 

.500 18 .50 

50 

75 

R-osin soap 

8 

5 

7 

15 

.50 

77! 50 

15 

35 

15 

3.5' _i 8 

5 

7 

Boiled oil . 

1 Linseed oil heated to 

7 

1) 

12 

— 

— 

— 1 — 

— 

— 

— 


— 

— 

; 80^ 0. . 


1 


_ 


80 

1 

20 

45 

85 

001 — — 

— 

— 



1 

Thill. 


Medium. 


Tliiek. 



lb. 

lb. 

lb. 1 

lb. 

lb. 

lb. 

lb. 

lb. 1 

lb. 

Rosin 

. , 25 

25 

25 i 

50 

.50 

60 

77 

77 1 

77 

Boiled oil 

, 100 

100 

100 1 100 

100 

100 

100 

100 1 

100 

Rosin soap 

8 

8 

8 : 

10 

10 

10 

7 

7 ' 

7 

Wcak-boiled oil 

. i 7 

4 

~ 1 

1 

9 

(i 


12 

9 ! 

— 



■ 

Thill. 

Medium. 

Thick. 


1 11.. 

lb. 

lb. 

11). 

lb. 

lb. 

Rosin oil 

. 90 

95 

240 

80 

240 

80 

Raw linseed oil ... 

. ! 84 

— 

210 

— 

210 

— 

Rosm soap .... 

' 2 

7 

5 

70 

5 

7 

Thick turpentine 

2 

— 

% 5 

— 

5 

— 

Rosin 

. ' — 

100 



100 

— 

100 

Boiled oil 

. 52 

85 

1000 

8500 

87 

25 


PRATT’S ORIGINAL ROSIN OIL PRINTING-INK VEHICLE. 


1 

lb. 

lb. 

i Rosin oil ... . 

20 

.50 1 

Rosin 

' 8 

89 1 

Yellow soap .... 

2 

i 

9 

1 ' 
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PBTNTERS’ INKS FOB VARIOUS PURPOSES. 


Pso. 


Vehicle 
Lamp-black 
Prussian blue 
Indigo 
Olnnesc blue 


1 

! 

i 

Kotiiry Machines. 

! ' 

j News- 
1 paper. 


Book. 

Ilbistratioi). 

' lb. 

lb. Ib. lb. lb. 

lb. ■ lb. 

lb. 

lb. 

lb. lb. 

lb. 11). lb. 

. ! 70 

72 72 72 71 

74 . 78 

7b 

i77 

70 1 80 

1 78 i 78 78 

. no 

28 2S 28 ' 2G 

2(; 22 

24 

' 2:l 

21 1 20 

20 ’ P) 19 


_____ 

-- — 

— 

— 

— — 

2 2 i 1 

• — 

_ _ __ _ 

_ _ 

~ 

: - 


_ ; 11 — 

_ ' 2 


T’a^allin Oil 
Rosin 

Lamp-black 
Uaimnar . 


4'oiiimoii 

B1 ■■ k. 

fJ,otar_\ 

Soil. 

.loblang 

11). 

11). 

lb. 

25 

25 

25 

45 

40 

_ 

15 

15 

15 

■ 45 


Rosin of differorii grades may he used, or Burgundy jiitch. Baraftin 
oil may he i-eplaced by rosin ; the proportion of lamji-hlack is adjusted 
accordingly. Other jugments in suitable proiiortion may he substituted 
for lamp-black. 

OL'NTIIER’S I’RINTING INK. 

1 11. 1).. I 


; Heavy tar' oil 45 2S 

I I’ltch or aspbaltum . . , . 40 , 40 

Rosin pitch .soap 12 24 

j Fish oil 5-8 j — 

j Spirit soluble aniline dye in powder , H-15 | 8 


The heavy tar oil is first acted on by chlorine at 212'' F., or is 
heated with nitric acid to deodorise it. The oil is then boiled with 
b to 10 per cent, of chloride of copper, heated to remove free ,acid, 
and then dissolved in warm water or stirred into the oil to give the 
■oil a brownish-black colour, and thus reduce the aniline dye to a 
minimum — J per cent, is then suflicient. The oil thus treated can 
be used as a stamping ink for post-office work without any addition. 

Blue-black Ink . — A little indigo blue is also added to the hot oil 
to impart lustre, or 1 per cent, of Prussian blue may be added as the 
‘Oil commences to boil, which, as it dissolves, yields a beautiful blue- 
■black and imparts drying properties. 

Generally in the actual manufacture of the ink, the boiled oil is 
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moderately heated with the simple addition of rosin and soap alone 
until the mass becomes tranquil and homogeneous; the* colour is 
then added and ground in the mill until perfectly cold. Another 
process consists in melting the rosin until destructive distillation 
commences, then to add soap in slices, afterwards the boiled oil. Heat 
is now applied more strongly, so as to increase the fluidity of the 
mass, then the colour is added, and the whole run into a receiver, 
from whence it passes to the mill while still hoi. The nature and 
the quantity of the colouring matter depend upon the consistency of 
the oil and the object in view, but heavy, dense mineral colours 
should, as far as possible, be excluded, using in preference fine 
colours, free from coarse particles, which give a more homogeneous 
and impalpable ink. 

Printing ink ought to satisfy several tests, fa) It ought to be 
perfectly homogeneous, for the least particle of extraneous matter 
(grit, etc.) will cause a blot in the printing ; {h) it should not alter 
when exposed to the air in bulk for a long time, but when spread in 
a thin layer it should dry very quickly, without, however, commenc- 
ing to do so on the type, from w^hich it should be easily removed by 
washing; (c) the colour of dry printing ink should be rich and 
brilliant; [d] it should not penetrate the paper too deeply but deep 
’ enough to prevent it being detached from the surface ; (e) finally, it 
ought to have no bad smell. The proportions of different substances 
entering into the composition of printing ink vary much. They may, 
however, be reduced to three types : — • 

l)c Luxe Illudrations, Tnk for : — 


Thin oil . 

Thick oil . 
Lamp-black 
Prussian blue . 
Rosin (yellow) soap . 


lb. 

1000 

250 

500 

50 

25 


Prussian blue is first added to thin oil in a pan fitted with a 
mechanical agitator, and heated to 100° C. (212° F.) by a steam 
jacket. The heat is raised to 150° C. (302° F.), and the rosin soap 
^ is mixed with continual stirring. It is onl^'when perfectly cold 
that,.the black is introduced into the mixture, then the thick oil. 
The whole is then passed through rollers. Small quantities may be 
ground in a mortar worked by power. [By using carbon gas-black 
instead of “ lamp ’’-black a superior jet black is obtained.] 

Black Ink for Engraving Purposes.— billon s researches resulted 
in his selection of the following formula as yielding a very black ink 
: for engraving purposes, without reddish reflex, and of irreproachable 
composition, which keeps well, and each of the ingredients of w^hich 
plays an important part : — 



TECHNICAL CHEMimY OP LlKSE^^^tL* 



lb. 

/fwi/e, daire (pale limpid oil) .... 

. 1000 

„ forte (stvong-bodied oil) . 

. 200 

Oarnaiiba wax 

25 

Parallin 

85 

Yellow soap (roain) 

25 

Paris violet 

0-5 

Prussian blue 

40 

Cork black . . ^ 

100 

Blood black 

50 

Winelees black 

. 200 

Ivory blEbck 

. 150 


Numei'ous other substances are also used to impart consistency 
■and unctuosity, such as Canada balsam, ozokerit, asphaltum, stearic 
acid. It is for each manufacturer to select those materials best 
adapted for the object in view. The retention of the copper lustre 
of Prussian blue in the matter ])rinted from an ink made from that 
pigrpent is a subject which has interested and engaged the attention 
•of not a few. Home claim to have succeeded by the use of lard, etc. 
But the copper bronze reflex of modern printed matter is undoubtedly 
■due to nigrosine black and aniline blues. With the use of these 
the difficulty is not in retaining the bronze, it is in eliminating it. 

In copper-plate and steel-plate engraving (taille douce) an en- ' 
graved plate of copper or steel, the engraving being hollow, is covered 
by an ink with a prepared oil vehicle, then energetically cleansed, so 
as to ieave only the ink in the hollows of the engraving. A. sheet 
■of moist paper is then pressed strongly against the surface of the , 
plate, so as to force the paper into the hollows and there become 
inked. That is the principle of steel and copper-plate engraving. 
The ink is similar to that used in ordinary printing ink, but it must , 
not be too viscous. It must be readily detached from the delicate ^ 
touches, /I'nii’-se, S’, of the engraving. Lamp-black is, therefore, replaced ' 
hy special blacks, vine black, Frankfort black, which yield less ad- . 
herent mixtures with boiled oil. 

Villon a Ink for Steel Eugraviiuj }}. — The vehicle for this ink, accord- ’ 
ing to Villon, who made a special study of ink for steel engravings, is . 
prepared like ordinary printing-ink vehicle, the only difference being y 
that it is boiled a littib longer. Old tanked linseed oil, i.e. well-aged^* 
oil, is the oil employed, or, better still, walnut oil ; but this latter oil ^ 
is never used alone, a little linseed oil, varying from 12 to 50^? 
per cent., according to the quality of ink desired, being always 
added to give it more viscosity. The boiling process, although an'1 
old one, is that still used. It consists in heating 6 'gallons of oil in 
pot until it takes fire or gives off white vapours which are set on fire, 
It is left to burn for 5 minutes, taken off the fire, and placed on af 
furnace filled with hot ashes, where it is let burn a few minutes^l 
longer. A piece of stale bread, held by a pair of pliers, is dipped^v 
into the oil until it reddens, without, however, charring ; it is replaced:^ 
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by a second slice, and that by a third — the bread is sometimes replaced 
by peeled onions. 

Vcliidc for I)c Liiic Printimf and lllusiraiiom . — Finely ^n ound 
pigments are used for de lure illustrations and de luxe printing; the 
vehicles used iire thick linseed oil, strongly boiled (double boiled) lin- 
seed oil, with the addition of copaiba balsam, Venice turpentine, 
dammar varnish, copal varnish, amber varnish, liquid driers, etc. 
Eecii)es for the making of preparations for the above purpose, intended 
to giA'e a lustre which linseed oil alone cannot give, are 

I. 


Dammar varnislj . 


lb. 

. 00 

Venetian turpentine . 


. 30 

Clanacla balsam 


. 16 

Dopal varnish 


. 8 

Bergamot oil 


. 8 


11 

III. 


11) 

lb. 

Copaiba balsam 

24 

17 

Linseed oil . 

17 

8 

Kosin .... 

37 

23 

Amydaloid benzoin 

1 

O'OO 

Balsam of Tolu 

0-04 

0*4 


The ]^rinien\ Ink Vehidc for Gold Prinimij is a very tacky one, 
which is used as an undercoating when gold bronze is applied. To 


70 i)artB of such an undercoat, 30 parts of flesh-coloured oeb'^e are 
added, and 50 parts medium thick varnish, and 20 parts Canada 
balsam. F. Hallmeyer used 4 parts medium strong vehicle, 2 parts 
of wax, and 1 part Venetian turpentine. Finely ground raw sienna, 
free from the least trace of grit, is added wdien undercoats for bronze 
printing are being used. The addition of wax greatly increases the 
adhesion of the ink, and it is advisable to make sure that w^ax has 
been added. A vehicle for bronze gold printing was patented by 
Hinzelman. He used 5 lb. zinc white, ground in 22 lb. linseed oil, 
then he added to the mixture of the two, 22 lb. of gold bronze printing- 
ink vehicle, 3 lb. of Venetian turpentine, 3 lb. of w^ax, and 2^ lb. as- 
phaltum, and then heated the mixture until of the right consistency. 

Printing Gold Bronze on Silk . — The silk' is impregnated with 
a thin solution of water-glass. A small quantity of raw sienna is 
rubbed up with No. 3 vehicle, and then added to a composition 
vehicle of 10 parts of wax, 10 parts of Venetian turpentine, 25 parts 
of varnish, vehicle No. 2, and 5 parts boiled linseed oil. 

For Brilliant Printing and also for Printing by Dusting on Wool, 
— A composition is made of a solution of rosin, boiled oil, liquid 
drier, copal varnish, and Venice turpentine. 

Lustnms Printing Ink . — This effect is due to the pigment as a 
whole or in part, shining through the vehicle which exhibits a lustlous 
nnatiner. The lustre can onlv be nroduced bv the first nrintinir. and 
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then only on stro'ngly satined and well-sized paper, otherwise 
the upper surface of the printed varnish layer will sink. A more 
decided lustre may be obtained by the addition of certain ingredients- 
to the vehicle. Now such an addition is more or less to be feared, 
as some of the fatty lustrous ingredients do not adhere to pigments 
very well. 

lied pc for Lnstroiis Vehicle. — (1) 2 parts mastic, 2 parts sandarac, 

2 parts thick varnish vehicle are melted, and when cold 2 pai'ts 
Venice turpcntin(‘ and 3 parts liquid drier are added. 

(2) 1 part dammar varnish, 1 ])art drier, 1 part thick oil are 
heated with 10 per cent, of mastic and diluted with thin vehicle. 

N.Ti . — Copal oil varnish is made from fused hard co})al, also from 
soft copal, then the fused resins art; added to a small portion of linseed 
oil, previously heated. If liinqis are foimtal after each addition, the 
mass is stirred and no thinner added until comphde solution is 
effected. Zohrnann gives the following instructions for making such 
a varnish : (1 11’). fused cojial, J4 parts raw linseed oil or boiltjd linseed 
oil, S parts turps. Hut see vol. in. 

At the present day, especially for book-printing and lithograjiby,. 
lakes from coal-tar colours art; quite indispensable. 



CHAPTER XI. 

THE TECHNICAL CHEMISTRY OF LINSEED OIL AND THE MANU- 
FACTURE OF BLOWN OILS AND LINOLEUM. 

It has been seen that when linseed oil is stored with complete 
exclusion of air no chemical change occurs further than a slight 
increase in the acid number, but when linseed oil is heated with ex- 
elusion ’of air, besides a marked increase in the acidity of the oil, 
there is a decided increase in the specific gravity, whilst, on the other 
hand, the iodine number is correspondingly lowered. It is well 
known that the great oxidation which linseed oil undergoes during 
storage with access of air is due to the absorption of oxygen and that 
this autoxidation which occurs between the oil and the air is slow, 
but is accelerated by heat, The^ changes in the organoleptic and phy- 
sical properties of the oil are very similar to those induced by heating 
oil with exclusion of air. The body, consistence, or viscosity of the 
oil is increased, and it may safely be said that all raw linseed oils with 
a specific gravity above 0*933 are more or less oxidised by absorption 
of oxygen from the air. The index of refraction increases whilst 
the calorific intensity diminishes. So-called polymerised oils or oils 
thickened by heating without access of air and oxidised oils may be 
differentiated from each other by the fact that the “polymerised” 

, oils may be drawn out into long strings, whilst the oils thickened 
by oxidation give an emulsion with water. Moreover, the chemidal 
changes which linseed oil undergoes during heating with access of air 
are to some extent similar to those which occur during heating with 
exclusion of air: an increase in the acidity (acid number) and a 
' lowering of the iodine number. Parallel witl^ this sinking of the 
, iodine number is an increase in the percentage of oxyacids. Partially 
J;Oxidrsed linseed oil is not completely soluble in petroleum ether. 
Moreover, the fatty acids separated from thg saponified product from 
such an oil are only partially soluble therein and the percentage of 
oxyacids insoluble in petroleum ether is greater, the longer the dura- 
,tion of the oxidation of the oil. 

; Cloezs Early Experiments on Increase in Weight of Linseed Oil 
m Drying and the Nature of the Volatile Compounds Evolved. — Be- 
J fore Mulder s time, Cloez had examined the action of the oxygen ol 
. Ahe air on vegetable oils. He exposed 10 grammes of oil to the air, 

(224) ' 
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in an iron basin, and left it so until the increase in weight became 
constant. Such a point he found in all oils, and wished to draw 
therefrom a broad distinction between drying and non-drying oils, 
which was not adopted. The 10 grammes of oil had, in 18 months, 
absorbed 0‘703 grammes. Both the original and the oxidised oils 
were subjected to combustion, which gave the following results : — 



Per deut. 

Oxidised Oil, 
100 Parts. 

Oxidised Oils, 
107-3 Parts. 

Difloreiice. 

(■ . 

77-G 1 

i 67-5 

72-3 

- 5-3 

H. 

11-H ; 

! 9-9 

10-n 

- 0-7 

0 . 

11-1 1 

1 22-0 

24-1 

+ 13*0 


AcroUm the Chief Volatile Compound from Linseed Oil. — Oxygen 
was absorbed,, 0 and H split otl. Cloez found little 00.^ and HgO 
amongst the fluid oxidation products. He believed they consisted 
chiefly of acrolein. The paper with which the basin, used in the 
experiment, was covered, had become yellow, and Cloez attributed 
the yellowing to acrolein, and the yellowing of printed books to the 
same cause, as pi'inting-ink blacks contained linseed oil. But this 
yellowing is due to the linseed oil dissolving the tar of the lamp-black. 
Mulder regarded Cloez’s differentiation between drying and non- 
drying oils as correct only from a quantitative point of view, in which 
the drying oils, as a whole, on complete oxidation pass into a solid 
body whilst the non-drying oils absorb much less oxygen and only 
leave a solid body in small quantity. Mulder recognised, and quit^ 
correctly so, that during Cloez’s experiments the oxidation of the 
inner linseed oil could only have been partial, as a skin was formed 
on the surface, which protected the oil underneath from the oxygen 
of the air. Mulder accentuates, in his book, again and again that 
the linseed oil be exposed to the air in a thin film. 

Kisslings Experiments. — However, K. Kissling, 25 years later, 
used a similar method to Cloez. He placed 10 grammes of oil in a 
watch glass of 35 sq. centimetres in surface, and found the oxygen 
absorption in 25 days ^-13 per cent., reaching a maximum of 5'7 in 
42 days. Kissling thus committed the same error as Cloez. According 
to Mulder the reaction is unfinished and could never come to an*end, 
as the skin formed protects the lower layer. There is thus quite un- 
changed linseed oil, solidified oil, with slightly oxidised oil, and still 
untouched oil underneath, and still quite unchanged oil on the bottom 
of the watch glass. In what is presumably a separate experiment, 
Kissling spread 10 grammes of several oils over 35 sq. centimetres 
and exposed the same for 10 days at the ordinary temperature, with 
the following results : — 


VOL. I. 


15 
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Increase in 


Jncriiase in 

Oil. 

Weight [)er 

Oil. 

Wei lit per 

Cent, at Ordinary 

Cent, at Ordinary 


Temperature. 


Temperature. 

Olive .... 

0-0 

Cotton -seed 

0-546 

Kapo (crude) 

0-05 

Raw linseed 

1-130 

„ (rcliiied) . 

o-ouo 

Boiled „ 

8-400 

Neatsloot (refined) . 

0-0C6 

Triolein 

1 0-0 


This layer was far too thick. 


Even after 25 days the linseed oil showed an increase in weight 
of only 5'13 per cent, when a skin began to form, and in 42 days 
the maximum of 5*7 was reached. Kissling evidently committed the 
same erior as Mulder accused Cloez of doing, that is experimenting 
on far too thick films. With thick films the reaction never comes to 
an end — the product is quite unfinished, the circumambient skin float- 
ing on the liquid layer beneath effectually isolates it from the air wnich 
alone can complete the reaction. There is, therefore, completely 
oxidised solid oil on the top with still almost unchanged oil at the 
bottom of the watch glass. The study of the oxidation of linseed oil 
was begun long ago by Mulder, and Hazura’s researches gave it a fresh 
impulse. Bauer and Ilazura tested two samples of linseed oil which 
had been kept for two years in loosely corked bottles and found the 
acid numbers had risen to 8*9 and i2T. 

Thompson and Ballantyne left linseed oil in an open vessel with 
frequent stirring for six months and found the specific gravity had 
risen from 0'9331 to 0’93B5 and the iodine number had sunk from 
] 78*5 to lG(r2. 

Fahrion uses the result obtained by the estimation of the oxyacids 
to ascertain the degree of oxidation of the oil. In a more than one-year 
old sample of linseed oil occasionally warmed but kept in a glass 
vessel that was not quite full and frequently opened to draw out 
samples, the iodine number was still 153 and the oxyacids 6’5 per 
cent. A sample of this oil was heated in an open porcelain dish for 
4 hours at 110° C. ; the iodine number sank to 136T and the oxyacids 
had risen to 11 per cent. 

Sherman and Snell found a decrease in the calorific intensity of 
linseed oil stored with access of air, whilst the specific gravity had 
increased so that the products of the two figures were constant. In 
the thick oil it came out as 8'6 to B'8. 
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TABLE SHOWING CHEMICAL AND PHYSICAL CHANGES LINSEED 
OIL UNDERGOES ON STORING WITH ACCESS OF AIR, INTER 
ALIA IN CALORIFIC INTENSITY. (SHERMAN AND SNELL.) 


j 

Raw Linseed Oil 

Raw Linseed Oil 

Raw Linseed Oil 

; 

of lyoo. 

of 1898. 

Several Years Old. 

d 15-5“ C. . . . ' 

0-934 

0-938 

0-947 

lodino number 

lH:i-4 

175-9 

156-7 

Free fatty acids, percent. 

4-3 

1-2 

6-3 

Heat of combustion, con- 




stant volume, calories 




per gramme . 

9304 

9379 

9215 

Heat of combustion, con- 




stant pressure 

9379 

9394 

9230 

_ _ _ _ - - ! 

. __ _ 


. — 


Sherman and Falk left linseed oil in uncorked flasks protected 
from dust, with occasional shaking, but exposed to the air for a long 
time. 

TABLE SHOWING CHANGES LINSEED OIL UNr)ER(K)ES ON 
STORING WITH ACCESS OF AIR. (SHERMAN AND FALK.) 


i 

Fresh Oil. 

Alter 4 Months. 

After 8 Months. 

d 15-5 C ' 

0-934 

0-942 

0-9G6 

Iodine number 

178 


139-4 

Fioo fatty a ids. per cent. 

1-3 

2-2 

' 4 4 

Hexabfomide number . 

31-3 

— 

1 3-J-H 

Reichert Meisl number . 

0-49 

MO 

2-()4 

1 


Here the slight increase in the hexabromide number is surprising : a 
■decrease w'as to be expected, as oxygen is fixed by the double bonds of 
linolenic acid. With non-drying oils the change was steadier. An 
increase in the gravity of O’OOl corresponded with a sinking of the 
iodine number of 0'8. With linseed oil water was given off. Thoms 
and Tendlor have shown that in the autoxidation of linseed oil, the un- 
saponifiable number is not increased ; 20 grammes of linseed oil were 
left in an uncovered glass dish for 40 days, exposed to air and light. 
The unsaponifiable was (a) before, 1'05 ; (b) after, 0'98 per cent. ; 
heated for 48 hours kf same dish to 100° C., 0‘B6 per cent. A La 
Plata raw oil with 0'98 unsaponifiable was left in a beaker tlyee- 
quarters full, covered with filter paper, for 3 months in clear daylight. 
The unsaponifiable then was 0'95, its iodine number sank from 97‘1 
to 86'0. Linseed oil from Memel seed was exposed in a thin layer in 
■clear daylight in a loosely covered glass dish until it was completely 
dry. The unsaponifiable was before 1*09, after 1*03 per cent. The 
iodine number before 92‘3, after 55'8. 

Volatile Products Evolved from Linseed Oil Dried at a Low Tern- 
^eratUre . — Lidoff and Fokin found that when linseed oil is dried at a 
somewhat low temperature, besides CO and COg hydrocarbides are 
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evolved in variable quantities. The oxidation of linseed oil in the air 
at the ordinary temperature is a long affair, so far as the thin film is 
concerned. 

Henriques Besearclm on the Drying Capacity of Ethyl Linoleate. 
— In this connection comes the linseed oil ethyl ester, i.e. a mixture 
of the ethyl esters, of the mixed fatty acids of linseed oil, otherwise 
ethyl linoleate, which has a deal higher oxidation capacity, as the tri> 
glycerides are of much lower molecular weight. Henrique’s ethyl 
“linoleate ” is a, pale yellow thin fluid oil, which in large quantities 
is extiaordinarily unstable. Freshly prepared, it is readily soluble in 
petroleum ether. Fjxposed to air, it thickens rapidly, becoming more 
and more insoluble in petroleum ether. The autoxidation gave the 
following results : — 

TABLE SHOWING THE DRYJNG CAPACITY OP ETHYL LINOLEATE. 


I'jthyl Linoleate. 

Aci'l No. 

Ka|K.nfflca. 
iloii No. j 

1 

Acetyl No. 

2 days old ... . 

0 

181-7 

170-4 

42-5 

8 weeks old . 

4*2 

218-C 1 — 

85-1 

0 „ „ . . . . 

6 „ ,, petroleum ether 

insoluble portion 

— 

220-4 

83-6 

104-9 


271-9 

8G-1 



Oxidation of the Linseed Oil in Linseed Oilcakes. — Here the re- 
markable rise of the saponification number is noticeable, which later 
on will be found in very highly oxidised oils. Now the thin film of 
linseed oil is resorted to, so that the particles of the oil be spread or 
subdivided over a substance with a great surface. Such a body is 
found in crushed linseed and linseed cake. The oils in these bodies 
with access of air rapidly oxidise. Nordlinger found in technically 
expressed linseed oil 0'2 to 2-1, on an average 0-8 per cent, free fatty 
acids. In several linseed cakes he found 6*8 to 10*8 per cent., average 
8'8 per cent oil, and therein 4*0 to 15*5 per cent., on an average 
9 ‘75 per cent, free fatty acids. In extracting linseed oilcakes with 
ether less oil is obtained when the cakes are first dried at 100° C. 
Two air-dried oilcakes gave 8*0 and 10*3, but after 6 hours’ heating 
to 100° C. only 3-7 and 7’7 of oil. But the loss of oil by volatilisation 
is negligible, such results are due to oxidsftion. Mastbaum concludes 
that the lowering of the iodine number of the oil from linseed oilcake 
is the first outcome of oxidation in his accentuation of Ketel and 
Antusch’s results. Mitarewski found an increase in free and volatile, 
also a decrease in unsaturated fatty acids in the oil from linseed oil- 
cake. He believes, however, that glycerine is partly split off by 
micro-organisms. At 70° C. the oxidation of fats is far more intensive 
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than at the ordinary temperature. Pigments may behave similarly to 
linseed oilcake. C. Bottinger rubbed up 5 grammes of anti-fouling 
pigments in 10 grammes of linseed oil 8 nd left the mixture exposed 
to the air for 6 weeks. The oil was no longer taken up by ether, and 
as the table shows was greatly oxidised : — 

BOTTINGEK’S EXPERIMENTS ON OXIDATION OF LINSEED OIL 
IN PRESENCE OF A PIGMENT. 


dl5 ... 
Acid number . 
Saponification number 
Iodine number 


Original Oil. 


0-m 

18*0 

PIM 

]8;l-0 


Extracted Oil. } 


o-im 

'irvO 

19()-4 

121 


.1 .’ G. McIntosh taught in his classes for many years that he found 
that the residue from the extraction of linseed oil paint never ceded 
all its linseed oil or the derivatives of the latter to ether, and ascribed 
this to the formation of insoluble lead soap from the free fatty acids. 
The solution of the residue from ether on extraction in acids always 
gives an oleaginous residue which floats on the solution as oily 
flakes. Davis and Klein rediscovered the above fact, that porous 
materials expose the oil to the air over a larger surface, e.g. textiles. 
Fahrion used chamois leather which he soaked with linseed oil and 
left to dry for a week in the air. Autoxidation set in rapidly, which 
naturally was accelerated by increase of temperature. The oxidised 
oil was taken up with cold ether and was left on evaporation of the 
latter as a yellow more or less tacky syrup only partially soluble in 
petroleum ether. It yielded on analysis : — 


FAHRION’S EXPERIMENTS ON OXIDATION OF LINSEED SPREAD 
OVER CHAMOIS LEATHER. 


Iodine .... 
Acid number . 

Fatty acids, per cent. 
Oxyacids, per cent. . 

Iodine number of fatty acids 
„ „ „ oxyacids 


Linseed Oil. 

Oxidised Oil. 

■ ■■ ■ "■ ■ 

176-8 

66-1 • 

2-9 

18-5 

— 

48-2 

— ' 

31-1 

— 

102-8 


47-5 


On the other hand, a test was made on a sample of linseed oil 
exposed to the air in a flat-bottomed porcelain basin for one year. It 
was not quite solid and was still a little tacky but was almost insoluble 
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in petroleum ether and alcohol. Besides it was not completely 
saponifiable and gave on analysis : — 

FAHlllON’S EXFEUIMENT ON LINSEED OIL EXPOSED FOE ONE 
YEAR TO AIR IN PORCELAIN BASIN. 


Fatty acids, soluble in petroleum ether . . . per cent. 

Iodine number of same H7-5 

Oxyacids soluble in ether 11*1 

Iodine number of same HH’O ,, 

Oxyacids soluble in alcohol IH-S ,, 

Iodine number of same IlfhH ,, 


Spontaneous Combustion . — Fahrion concluded that the oxidation 
was accomplished by polymerisation and the formation of an- 
hydrides. Hertkorn asserts that polymerisation accompanies oxida- 
tion. He states that oxidation first produces an acid reacting oil, 
prevented by the addition of alkalies or alkaline earths, whilst poly- 
merisation is favoured. Bapid oxidation is important. In the first 
stage volatile apparently aldehydic bodies are formed during the 
whole oxidation process. In another phase acid-bodies are formed, 
e.g. acid anhydrides, which facilitate polymerisation. In the final 
stage ozone is produced, which forms nitrous acid with the air. 
Finally peroxides are built in the last stage of the process, but in tht^ 
absence of metallic soaps solid oil containing peroxides is spon- 
taneously inflammable. It is known that when linseed oil is blown 
for a long time and heated to 150 to 200° C. it se])arates, especially 
from impure oil, polymerisation pi’oducts in the form of flakes and 
oil skins which are judiciously removed as they are liable to cause 
explosions. Fox (“ Oil and Colourman’s rlournal,” now “ Oiland Oolour 
Trades Journal,” 1887, 8, 549) was the first to examine a blown oil. 
The density rose from 0'9354 to 0’98G the free fatty acids from 2'40 
to 2’73 per cent, whilst the Hehner number fell from 95-7 to 87‘7. 

Leeds, instead of injecting air into hot linseed oil, injected oxygen 
and so produced two products which gave the following figures ; — 


J. 

11. 

HI. 

lieujsity 

1-OH 

1-05 


Free fatty acid, per cent. 

18 to 28'4 

18-5 to 28-<) 

12-67 

Saponification number . 

221 

228-5 

171-6 

Unsaponifiable, per cent. 

0-89 

‘ 0-<}7 

0-81 

Oxyacids, per cent. . . i 

42-8 

44-2 

31-58 

Iodine number . . . j 

1 

58-8 

53-5 

98-9 


I. Weak, II. strong, III. dried oil. 


The free fatty acids could not be estimated accurately as the red 
coloration persisted more and more with the higher numbers for two to 
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three minutes. Leeds examined the mixed fatty acids from the above 
oxidation products with the following results : — 



J. 

. 

II. 

111. 

MeltinR-point 


27° 

26° 

Solidification-point 

2(i“ 

25° 

22“ 

Mean molecular weight . j 

241-4 

242-r) 

20H-8 

Saponificatiou number . . ! 

282-4 1 

281-3 

208-7 

Iodine number 

(;‘l-2 1 

(lO-t; 

100-8 


The molecular weight was calculated from the saponification 
number and doubtless is a little low, whilst the increase of the saponifi- 
cation number is chiefly due to the slightly acid group of oxyacids, 

ULTIMATE ANALYSIS OF A SERIES OF SOLIDIFIED BLOWN OIL. 


’ 

l\-i (Viit. 

JVr tVnt. H. 

IVr Vent. 0. 

(Lll, 

Raw linsood oil 1. . ! 

7.5-08 

10-78 

14-10 

7-0 : 1 

„ „ „ 11. . 1 
Solid linseed oil 1.. 

75-40 

10-fi4 

18-!)6 

7-1 ; 1 

74-82 

10-04 

1. 5-1)1 

7-4 ; 1 

„ „ D.. 

6!)-74 

0-57 

2U-60 

7-8 : 1 

IlL., 

60-52 

0-40 

20-00 

7-8 : 1 

„ . „ „ TV..: 

64-74 

0-01 

26-25 

7-2 : 1 

„ ,, „ V.., 

65-40 

1 0-00 

25-60 

7-8 : 1 

VI.., 

68-64 

9-24 

22-12 

7-4:1 

M M „ VTl. . , 

1 

64-88 

0-01 

26-61 

7-2 : 1 

1 







i 


In the above table are given the combustion results, elementary 
organic analysis of a series of solidified blown oils, also the combustion 
figures for two raw oils, Fahrion calculated the ratio of C to H in 
each instance, and points out that when not considerable it is at the 
expense of the carbon atoms. It will, moreover, be perceived that the 
primary reaction consists in the fixation of oxygen by the double 
bonds, and water is split off as a secondary reaction, as stated long 
ago by Mulder. ^ • 

Weger has shown that in blowing linseed oil the refraction rises, 
also that a parallel between the refraction and the iodine number is 
impossible with partially oxidised oils. Long exposure has the same 
effect. 

Under favourable conditions the autoxidation of linseed oil, 
diffused through a porous body, may proceed so rapidly as to cause 
spontaneous combustion. Fruitful but sad experience has enabled 
us to collect data on the absorption of oxygen by conflagrations in 
factories where oil is used in the dressing of woollen fabrics. Ac- 
cording to L. Haepke cotton-wool is more inflammable than sheep’s 
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wool, as owing to its structure it can retain more oxygen, and accord- 
ing to Kissling silk is the most inflammable of all. 

Method for Produciwf Spontaneous Combustion . — The open fibrous 
structure subdivides the oil, and is aided by the absence ol any tend- 
ency to cooling from the outside or to spread the heat. When such 
conditions are fulfilled then the reaction continues, until it ends in 
8])ontaneous combustion or ignition. Kissling soaked 50 grammes 
of cotton-wool with 100 grammes of linseed oil and pressed the 
mixture in a glass vessel with a thermometer in centre. This glass 
vessel was suspended in a second wider glass vessel protected from 
cold by a wooden lid. The temperature rose in 15 minutes to a 
maximum of 170° C. (338° F.). Spontaneous combustion did not 
occur until artificial heat was applied. A handful of cotton-wool was 
well steeped in linseed oil, well pressed in the cold, and packed with 
another handful of cotton-wool in a tin box. A thermometer was 
stuck in the middle and the whole heated in a water-bath to 99° C. 
In 2 hours the temperature rose to 180° C., in 4 hours great smoke 
appeared, and when the cotton-wool no longer smouldered it burst 
into flame. Schimanski and Mikoni experimented with pure wad- 
ding, which at about 180°C. ( 356° F.) was charred. With 1'5 per cent, 
linseed oil and 5 hours’ heating at 90° C., it heated itself to over 150° C. 
(302° F.), and on 3 hours’ heating at 97° (h, was completely charred. 
Higher oil content and greater acess of air facilitated the charring. 
If woollen balls come in contact with oil, the latter only spreads itself 
on the surface of the fibre. There is enough air in the inner hall' of the 
balls to start the oxidation but not sufficient oxygen to oxidise the 
whole of the oil. Then the oil begins to take chemically combined 
water from the wool with consequent charring. Hence the increase 
of temperature, and when the ball is opened it bursts into flame. 
Erdmann and Sebzenberg soaked cotton-wool with linseed oil and 
led a 2 per cent, ozone stream over it. In a short time it burst into 
flame. Instead of subdividing linseed oil into small particles by 
means of textile fibres, the action of the air may be accelerated by 
blowing air through the oil. At ordinary temperatures no great 
acceleration occurs. But at higher temperatures, rapid thickening of 
the oil follows the absorption of oxygen. Oil blowing was discovered 
long before Mulder’s time. ‘ 

Linoleum Manufacture, — Walton, an Englishman, in 1860 de- 
scribed how linseed oil blown at temperatures up to 100° C. absorbed 
oxygen (British Patent 200 of 27/1/1860).'- This document describes 
not only the first stage of the oxidation, but how the oxidation is finished 
— on the principle of the thin film by passing it through a sieve and 
then again treating it with warm air. Eubber-like products were got 
in this way from linseed oil which were mixed warm with cork dust, 
and gum, kauri. The mixture was spread on cloth and pressed in hot 
rolls pritish Patents 1037 of 25/4/1863 and 3216 of 19/12/1863). 
In this way was linoleum introduced into the industrial world. 
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A rival to Walton appeared later on in Parnacott (British Patent 
2057, 4/9/1871). Instead of ordinary air Parnacott used compressed 
air. He sold the process to Taylor. Of these names only that of 
Walton survived. L Hertkorn (D.R.P. 99, 710 ; 100, 917 ; 109, 
583) combined the principle of line division of the oil with strong 
blowing. His process depends on the principle that oxidation is 
much more rapid when the oil, with or without driers, is mixed with 
bulky imponderable matters through which hot air passes ; such sub- 
stances are (a) a mixture of cork dust, with (&) sawdust. The 
oxidation is finished in 1 to 2 hours, whereas by the above process it 
lasted days if not months. It is claimed that the highly elastic 
linoleum so made is odourless, absolutely homogeneous, and above 
all completely oxidised. Certain resins, e.g. kauri, are added in 
tine powder or dust to the partially oxidised mass. Oxides or 
rosinates of the alkaline earths, lime magnesia, are incorporated with 
the linoleum mixture to lessen the risk of the oil-saturated mass, 
and it is claimed that these additions impart greater hardness whilst 
securing a leather-like pliability not hitherto attained. 

Thickening of Linseed Oil hy OxidaMon . — Whatever proc(5SS we 
may adopt in the boiling of oil, the consistency or body of the re- 
sultant product is but little dilTerent from that of raw oil. Now, 
in many cases it is very advantageous to use an oil of good body, 
so as to hasten the drying when it is used either dii'ectly, or after 
it has been incorporated with varnish, or when it is desiied to 
apply ffhe oil to porous surfaces, wood, etc., without having reason 
to fear its being imbibed. The simplest process consists in causing 
the oil to fall in a thin layer, in contact with air, as we have 
seen in the cold process of making drying oils, but the process 
is a long one, and oxidation becomes difficult as soon as the oil 
attains a certain thickness, even when working at a temperature 
of 50° to 60° C. (122° to 140° F.), by which the oil is kept fluid for 
a longer time. Further, a quantity of oil adheres to the plates, and 
there solidifies, causing a serious loss when it is not desired to con- 
vert the whole into a solid body. Finally, after a time a solid 
pellicle is formed on the surface of the oil, which prevents oxidation, 
and consequently the thickening from proceeding through the mass 
of oil. • 

Attempts have been made to increase the fluidity of the oil artifi- 
cially by dilution with a suitable solvent. By taking, e.g. equal parts 
of manganese-boiled oil and benzine, and stirring the mixture in a 
closed vessel, with simultaneous injection of air, rapid absorption of 
..-♦oxygen takes place. This absorption is stimulated by aid of heat 
. regulated between 40° and 50° C. (104° to 122° F.). If the air be 
continuously injected so as to supply the quantity of oxygen necessary 
for complete oxidation of the oil, a quantity which amounts at least 
to 16 per cent, by weight- of the oil used, the mixture soon thickens, 
and if finally we distil off the solvent a viscous residue is left on cool-. 
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ing. If the process be carried on so as to completely oxidise the oil, 
the liquid becomes cloudy owing to the formation of linoxiri, which is^ 
insoluble in benzine ; on separating the latter the linoxin is obtained 
as a very dry, elastic solid. In actual practice boiling is continued 
for a long time, often for 3 or 4 days, and the temperature 
pushed as far as 250’ to 300“ C. (482° to 572° F.). By this means 
heavy boiled oils are produced, which can be thinned down by the 
addition of thinner bodied oil, boiled only from 6 to 8 hours at 200^" 


C. (302° F.). But boiling at so 



A A, vosscIb contaunngoil communi- 
cating through B ; H, reservoir with 
perforated bottom; N, ^pipe with 
upwird current of air; D, down- 
ward shower of oil; C, chimney- 
stalk; E, air pressure equaliser; F, 
pump. 


high a temperature has the dis- 
advantage of liberating fatty 
acids, w'hich take longer to oxi- 
dise, and render the oil fatty. 
In Germany preference is given 
to boiling oil by sup(‘rheated 
steam or superheated air either 
in pans as flat as possible, sO' 
that the surrounding air may 
have free access, or in deep, 
closed pans, into which either 
cold or hot air is injected. In 
certain manufactories, especially 
in Holland, no drier is used ; it 
is considered preferable to oxi- 
dise the oil exclusively by the 
injection of hot or cold air. 
The product is supei ior, but the 
process rather slow. Lewiak 
has taken out a patent for the 
injection of hot air in the pio- 
duction of linoleum, No. 14518, 
1903. 

Storage of High-clanH Boded 
Oil. — According to Livache, 
when a choice boiled or thick- 
ened oil is manufactured, it 


should not be stored either in iron or copper vessels, without electro- 
plating the interior with silver ; this deposit meed not be thick, as 
it is subject to no wmar and tear, and owing to the low price of 
silver would not be so costly as would at first sight appear. The 
same result may be arrived at, viz. prevention of discoloration by 
a layer of enamel which stands well and is economical. Wrought- 
iron vessels “ galvanised ” on the inside surface with tea lead which 
contains tin have no action on boiled oil, varnish, nor on spirits of 
turpentine. One per cent, of tin added to lead has the same effect. 

Waltons Proccsses.—ln F. Walton’s, Lion’s, Hadfield’s and other 
processes, air acts upon oil falling in drops, so as to present a'large 
surface to oxidation. The modus operandi of such processes will be 
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understood from Fig. 74. Walton’s plant is composed of a reservoir, 
the bottom of which, pierced with a number of holes, rests upon a 
second rectangular reservoir, of which two of the faces are made of 
glass so that the action of sunlight may intervene with the view of 
stimulating oxidation and bleaching the oil ; the other two faces are 
made of perforated sheet zinc : through one of these faces air enters 
the whole way up the column, and passes out through the other, 
but owing to the minuteness of the holes and to their conical shape 
the oil is retained. This quadrangular column is itself surrounded 
by a double envelope made either totally of glass, or having two faces 
at least of that material, and in which an arrangement of partitions 
causes a current of air to flow against one of the perforated zinc 
faces and to force its way thi-ough the opposite. This curi-ent 
should not be too strong, but yet strong enough to constantly renew 
the air in contact with the oil. The oil at last falls into a steam- 
jacketed reservoir, A, by means of which it can be lu'ated to a tem- 
perature between 100" and 170" C. (212" to 338 F.). Finally, l)y 
means of a pump similar to Fig. 74, F, the oil thus heated is ])ropelled 
into the reservoir at the top of the column, through the o])enings of 
which it again ])asses to be submitted afresh to the action of the air. 
An automatic arrangement enables the flow of oil to be stopped 
should the pressure inside the column become too strong. Raw oil, 
to which an ap})ropriate drier has be,en added at the start, is that 
which is generally tr(‘,ated with this apparatus. Sugar of lead to 
the ext«;nt of 5 to 10 per cent, is the most suitable drier. Manganese 
or litharge boiled oil may also be treated, but air is projielled in this 
case at a lower temperature, say, 100’ (1 (212" F.) ; nevertheless, 
in spite of this precaution, the resultant oil is darker than when 
raw oil is used. Another arrangement by Walton consists in boiling 
th(‘ oil in large open pans ; the hot oil is led into a chamber main- 
tained at a suitable temperature by steam pipes. Here the oil which 
fails on the floor of the chamber is beaten with armed agitators, 
bringing it into the form of a spray which meets a current of air 
passing in the opposite direction ; the oil falls back again into the 
chamber, which may be covered wdth glass, so that the action of 
sunlight may intervene. 

Storer’s ProcfJSs.-*-tnstead of blowinff air into the oil, Dr. John 
Storer draws it in’ from the atmosphere by suction by the creation 
of a vortex current generated by a sort of ship’s propeller acting as 
an agitator. By a mechanical arrangement the oil subjected to the 
vortex action flows into another compartment and returns to the 
surface to expel the vitiated air, and to be again and again subjected 
to the same treatment. The propeller agitator makes about 1500 
revolutions a minute. It will readily be seen that by the comming- 
ling of continually renewed fresh air, drier and oil are affected in a 
most*complete and perfect manner by this process, the propelling 
agitator of which is horizontal. The plant differs from Vincent’s in 
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the fact that the fumes are carried away, not by a dome riveted to 
the pan and forming part of it, but by a hood suspended over the 
pan, thus allowing fresh air to be continually brought in contact with 
the oil without the necessity of pumping. The atmosphere above 
the pan is therefore always tree from decomposition products. Be- 
sides Storer’s agitator was horizontal and Vincent’s vertical. 

Solidification of Boiled Oil — JAnoleum Manufacture . — When 
hoik'd oil is completely oxidised it is insoluble not only in ordinary 
boiled oil itself, but also in the whole of the various solvents used 
as thinners, consequently manufacturers generally are content with 
a partially oxidised product which will dissolve therein. 

But nowadays there is a demand for completely oxidised and 
consequently solid oils which are incor- 
porated by mixing and grinding with a 
great number of substances, to which 
they impart elasticity as well as insolu- 
bility in the various oil solvents as well 
as in acids, as in the case of linoleum 
manufacture. The process most gener- 
ally adopted consists in spreading boiled 
oil in a very thin film, or oil thickened 
after one of the processes describ 'd, so 
that it may be completely oxidised ; if 
the film be too thick surface skin is 
formed, when oxidation verges comple- 
tion, which stops all further oxidation 
going on underneath, and complete 
solidification is prevented. When large 
quantities of solidified oil are required, 
it is necessary to, have enormous sur- 
74 _ faces at disposal, so that the film of oil 

to be oxidised is as thin as practicable. 
Two methods are in vogue : (1) Linen cloths are passed through a 
bath of the oil to be oxidised and so become impregnated with the 
oil, and are then suspended vertically, so that the excess of oil 
drops ofif. When the film of oil is dry the linen is again passed 
through the bath once more, and thus becomes charged afresh with 
oil and again exposed vertically to the action of the air, and so on 
until a succession of solidified layers gives the desired thickness. 
(2) The following is a more simple arrangement. Oil is made to 
fall on several thousand square yards of linen suspended vertically. 
The thin layer of oil absorbs the oxygen required to solidify it 
very rapidly. This absorption is facilitated by working in warm 
' chambers. The sequence of operations which follow each other, 
almost automatically, produces very cheaply a superposition of 
pellicles amalgamated together to form a mass of considerable 
thickness. To separate the solid oil from the linen, the latter is 
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passed between two rolls heated by steam, and so adjusted that only 
the linen passes through. In starting, all that has to be done is to 
free the linen from solidified oil for about an inch, and feed it in 
between the rolls ; these catch hold of the linen and draw it forward, 
leaving the solid oil behind. But when complex substances are to 
be made from the solid oil, manufacturers do not trouble to separate 
the two, the more so as the linen does not last long. Livache tried 
to use oxidised oil by itself. When triturated with the majority of 
solvents, it swells, becomes transparent, and then divides into pieces 
of extreme tenuity, and so forms a paste which may be spread out in 
a more or less thick film. When the solvent has evaporated an 
elastic homogeneous surface of oxidised oil is obtained, perfectly dry 
and of appreciable thickness. These oxidised oil pastes may be 
mixed with rubber pastes or with solutions of rubber and other sub- 
stances soluble in the solvents used, so as to obtain after evaporation 
a homogeneous product of peculiar properties partaking of those of 
the different substances entering into its composition. 

The oil treated in the manner described until the maximum 
amount of oxygen has been absorbed, forms a gelatinous mass denser 
than water, which can bo drawn into strings. It is insoluble in 
alcohol, ether, spirits of turpentine, chloroform and carbon di- 
sulphide. When mixed with cork dust and rosin, “ fillers,” etc., it 
is lolled into linoleum. The highly complicated machinery for 
inlaid linoleum, etc., is beyond the scope of this work. The following 
elemeiitary analyses are by Eowland Williams : — 


ELE]\IENTARY ANALYSES OF OXIDISED OILS FOB LINOLEUM 
MANUFACTURE. (HOWLAND WILLIAMS.) 
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Oxidised Linseed Oil tor Linoleum Manulaoture. 
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2 
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Carbon 


75-40 

74-82 

69-74 

69-52 

64-74 i 65-40 

68-64 

64-38 

Hydrogen . 

10-78 

10-04 

10-04 

9-57 

9-49 

9-01 i 9-00 

9-24 

9-01 

Oxygen . 

14-19 

18-90 

15-04 

20-09 

20-99 

26-25 i 25-00 

22-12 

26-61 

Ratio C : 11 

7-0:1 

7-U> 

7-4:1 

7-8 : 1 

7-8:1 

7-2 : 1 ! 7-3 : 1 

1 

7-4 : 1 

7-2:1 


BeJis Linoleum Process . — Good clarified Eussian linseed oil is 
boiled with nitric acid of known strength to decompose the glycerine 
and oxidise the oil. The oil treated in this way is pumped into a 
tank waggon which sprinkles it on to a cloth which is oxidised by 
hot air. 

Herkhorns Linoleum Patent.— hi this process the alkaline earths 
and their soaps are added to the oil during boiling and oxidation, and 
a velvet lustre is thereby imparted to the mass. Eosin and rosinate 
of magnesia are added to the oil. 
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Pinettes Analyses of Linoleum . — Pinette analysed three samples 
of linoleum with the following results. His method of working is 
so obvious as to require no description. 


ANALYSES OP LINOLEUM (PINETTE). 



1 

2 

3 

Walor 

H-89 

8-01 

8-41 

Liusood oil soluble in ether 

11-48 

10-00 

19-58 

,, „ insoluble in ether (cork, oxidised oil) . 

77-24 

78-08 

54-10 

Silica 

2-94 

8-99 

4-81 

Ferric oxide 

1-7H 

1-79 

8-80 

Alumina 

1-91 

4-94 

0-01 

Lime 

— 

— 

0-17 

Alkalies 

1-81 

2-04 

2-90 


100-00 

100-00 
i . 

lOO-CO 


The first linoleum manufactory was founded by Walton at Staines, 
near London. Old tanked oil is used, tanked for a sufficiently long 
time to deposit all matter in such circumstances. This oil is 
oxidised in two ways: (1) Oxidation by Walton’s process. This 
si effected by the simple action of the air, by causing the oil to 
flow slowly over cloth suspended for the ])urpose. After d to 5 
months the two sides of the cloth are covered by a layer of linoxin 
iibout 3 cm. thick. (2) Oxidation by Taylor’s process. Oxygen is 
blown into the oil with the addition of oxidising agents, by which a 
less pure and less elastic linoxin is prepared in 12 hours. The 
shredded linoxin is boiled in steam-jacketed pans with kauri resin. 
The hard dark brown mass obtained is termed linoleum cement. 
Equal parts of cement, linoleum, and powdered cork are added with 
the mineral pigments. For bright pigments wood sawdust is used. 
The mixture is passed between four large hot rolls heated to 140® to 
150® C., along with the jute fabric on which the composition is to be 
applied. The lustre is obtained by passing the coated cloth through 
polished cylindrical rolls, in the jacket of which is a freezing mixture. 
The large bands obtained, 150 yards long by 2 to 3 yards wide, are 
covered on the reverse side by a red paint by- means of a finishing 
machine. The bands are cut into lengths of 25 to 30 yards, and 
dried flat in a stove. Continuous lengths of linoleum are so ob- 
tained. 

Lewkowitsch analysed a so-called “ scrim ” oil, one produced by 
blowing, and subsequent oxidation in a thin film, so as to produce 
completely solidified linseed oil, which finds a use as massive linoleum 
(linoleum cement), and which is practically insoluble in all oil sol- 
vents. Nothing has been ascertained in regard to the analytical 
figures of solidified linseed oil, only as regards (1) the mixed 'fatty 
acids, (2) the oxyacids, and (3) the acids soluble in petroleum ether. 
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ANALYTICAL FIGURES RELATING TO SOLIDIFIED LINSEED OIL 
FOR USE IN LINOLEUM MANUFACTURE (SCRIM). 
(LEWKOWITSCH.) 



Solid oil. 

(D 

Total Fatty 
Acids. 

c-i) 

Oxyacids. 

(•'b 

Fatty Acids 
tree from 
Oxyacids. 

I. Neutralisation number . 


i 209-r>:-i 


170-1)7 

11. Sapouitioation „ 

i>H7-47 

1 24K-74 

— 

187-58 

III. 11.— I 

_ 


— 

7-01 

IV. Iodine number . 

ri‘2-2 

(;9-27 

40-40 

01-81 

V. Total soluble acids . 


.')9'57 

rmw 

IH-H!) 

VI. Unsaponifiable 


! — 

1 — 

— 

VII. Oxyacids .... 


: __ 

— 

— 

Vlll. Hehiier number 


' 81-82 

— 

— 

IX. Zinc acetyl number . 

— 

1 .'ib-Of 

104-0!) 

81-80 

X. Apparent acetyl number . 
XL Saponificatjioii number of ; 

— 

j ] 15-01 

104-07 

50-25 

ace-tylated product . 1 

XIl. Hehner number of acet> 

.‘m7-75 

1 804-24 

841 -48 

240-11 

lated product . . j 

— 

84-4 

70-88 

00-05 

XIII. Xl.-ll ' 

— 

j .1.) t> 1 

80-2!) 

58-58 


Linoxin has often to l)c determined quantitatively in dried coats 
of })aint. Looked at in a certain lijLjht, it does not consist in the 
determination of the linoxin but that of the total oxidised and un- 
oxidised, linseed oil. Oleic acid takes no part in the dryinj^ p ocess, 
and the linolenic and the linoleic acids are not quantitatively oxidised 
as already stated. Mulder found in dried linseed oil only about 80 
per cent, of ether-insoluble linoxin. Lately, Meister bidieves that 
linse* d oil in the dryin" process is oxidised up to the minimum iodine 
yumber of SG’O. During linoleum manufacture, the oxidation, for 
various reasons, does not go so far as in the drying process. Ingle 
found that ether ceded 4’5 per cent, in form of a yellow crystalline 
mass. The total linoxin from the linoleum cedes a certain amount 
to ether, so Pinette must have lost sight of the fact that linoxin is 
insoluble in ether. This insolubility in fat solvents is only relative, 
AS first pointed out by Livache. By prolonged treatment with 
benzol, the linoxin wa^ broken up and partly dissolved, and behaved 
somewhat like rubber. The solution left, after evaporation of ^e 
benzol, a solid mass sticking to the fingers, which softens on warm- 
ing. Livache found that the soluble portion acted as a cement for 
the insoluble part, the unoxidLsed oil, in dried coats of paint, first by 
saponification and then isolation of the fatty acids and oxyacids; 
the water soluble portion of the latter is but slight. In the case 
of linoleum, however, this is not so, as a large proportion of cork 
dust dissolves. Ulzer and Baderle give the saponification number 
of cork dust as 238’5, and Ingle by treating cork dust with alcoholic 
potash obtained : — 
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Per Cent. 

Cellulose 24*4 

Ash I'B 

Acids soluble in ether 22-7 

„ „ ,, alcohol 5*9 

„ „ ,, water 84*4 

Unsaponifiable soluble in ether 8*4 

„ ,, „ alcohol 7*4 


100-0 


IJlzer and Baderle allowed benzol to act under pressure (for 
1 hour at 150° C.) on linoxin, and obtained complete solution. They 
therefore prescribe the above method for the estimation of linoleum 
cement (linoxin + unoxidised oil + rosin) in linoleum. They found 
in various samples 13 to 25 per cent. According to Fritz this is too 
little ; a marketable linoleum must contain, at least, 30 per cent, of 
linoleum -cement, which on its part usually consists of 82 per cent. 
♦ of linseed oil, mostly oxidised, 12 per cent, of rosin, 5 per cent, of 
kauri, and 1 per cent, of castor oil. He believes that much informa- 
tion is obtained by replacing the benzol treatment by a benzol- 
chloroform extraction. Finally, he elaborated a method for extraction 
of the four substances for determination. Much of the newly- 
marketed linoleum-cement is, besides the Lincrusta factories, bought 
up by the large linoleum manufactories. 

Action of Solvents 07i Linoleum. Determination of the Acetone 
Extract. — Acetone, like ether, extracts an indefinite amount of soluble 
matter. Ether — on extracting with ether a sample of the dried skin 
produced by the scrim ” process, 67*5 per cent, was extracted in 24 
hours, but the extraction was still unfinished after 4^ months, when 
the extraction was 85*32 per cent. Alcohol, benzene, chloroform, 
and acetone yield similar extracts. Extraction by petroleum spirit 
of b.p. 35° to 50° C. (95° to 122° F.) also exhibits no end reaction but 
produces extracts differing from those yielded by other solvents. 
In actual practice, successive extraction (1) by petroleum spirit (24 
hours), (2) of the petroleum spirit residue, by ether, gives useful re- 
sults. The petroleum spirit extract is a pale greenish-yellow fairly 
mobile oil, and thickens but does not dry, that is, forms a skin on 
exposure. The ether extract of the petroleffm spirit residue is a 
vifecous, tacky, yellowish-brown oil, which dries on exposure to air, 
forming a fairly hard elastic skin. If the final insoluble residue be 
taken as linoxin, the variations in the proximate analysis of the skins 
produced by the scrim process are given in the following table : — 
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TABLE SHOWING THE VARIATIONS IN THE PROXIMATE ANALYSES 
OF THE PARTIALLY OXIDISED OIL OBTAINED BY THE SCRIM 
PROCESS. 



1 

2 , .*5 

4 

.5 ' G 

7 

Linoxin. per cent. . 

4‘)-57 

47-OS 4:-5-f.2 

4K-41 

40-22 ' 57-00 

1 42-40 

Ether extract, per cent. . 

•u-n; 

20-70 i 27-0;4 I 

20-38 

25-45 1 25-10 

1 32-OJ 

I’etrolcum spirit extract, 
per coni. 


20-1 ;{ j 20-45 

22-21 

25-33 17-75 

I 

1 24-03 
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Oxidised linseed oil used for a rubber substitute or for f^rindiiiji, 
as made at present, is ])ractically insoluble, and therefore inapplicable 
for painting, and - can take up from an economic point of view no 
further oxygen from the air. Air. Samuel Banner, of Liverpool, 
patented an invention to obtain as great or even a still greater degree 
of oxidation than hitherto, and yet olitain oil perfectly soluble for 
painting. It consists in introducing into the oil, either before com- 
mencing the blowing or during the blowing from time to time, a 
solvent, prefei’ably a hydrocarbon of the olefine, paraffin, or tuipentine 
series, in such quantities that at the conclusion of the process there 
is sufficient solvent to keep the whole liquid. It will, of course, be 
evident that so long as the oil is fully liquid the solvent need not he 
added, but it must not be allowed to go too far in the direction of 
solidification to prevent the action of the solvent. Largo numbers, 
of thes^ light hydrocarbon solvents are well known in the trade, and 
as they are all very much like each other, and of almost equal utility 
for this purpose, no rules can be given for choosing them beyond this, 
that hydrocarbons having boiling-points which indicate safety and 
free evaporating qualities are those most efficacious. By the above 
process the inventor obtains, dissolved in the solvents, oil at a very 
high degree of oxidation, which could not practically be dissolved in 
these same solvents if added thereto in the solidified and oxidised 
condition. In actual practice it is found most convenient to heat tho 
drying oil to about 220° F. or thereabouts, and then blow, and when 
the temperature begins to rise the oil is cooled, and kept at about 
150° F. In this process the addition of driers assists oxidation of the 
oil, just as it does ii^ the ordinary one, and besides the usual oxide 
driers, borate and sulphate of manganese, or that compound known 
in commerce as acetate of manganese, may be used in order to 
assist the oxidation. A combined oil and solvent of this nature, 
with or without driers, is admirable for use as a menstruum for 
paints and for oilcloth making, etc. It is a quick drier, as the 
solvent has only to evaporate and the oxidised oil remains as a solid 
dry layer. A very cheap painting oil, with large body, is thus ob- 
tained, and it is to be borne in mind that in this invention the article 
isfrod beginning to end (and the final product likewise) in the liquid 
or viscid state, and no solid at all is produced during the operation. 
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THE TECHNICAL CHEMISTRY OF LINSEED OIL. MANUFACTURE 
OF RUBBER SUBSTITUTES. 

India-rubber Substitutes. 


Definition. — Sulphur, sulphur chloride, and nitric acid are used 
respectively to convert oils (drying oils lend themselves most readily) 
into solid elastic substances used as rubber substitutes, the basis of 
which is most generally a drying oil, linseed oil, walnut oil, etc. (walnut 
oil is too dear and is only mentioned to show that the same results 
can be got with it as with linseed oil). But non-drying oils are also 
extensively used in Germany, and maize oil in America, in making 
chlorosulphuretted oil substitutes from sulphur chloride. 

Practice and experience are required to get at the right propor- 
tions and the proper temperature. The published recipes are gener- 
ally obsolete, fit to guide beginners in practical researches, but not for 
immediate and profitable use. It will suffice to describe the prepara- 
tion of the two main kinds, (1) oxidised oil, and (2) vulcanised oil 
substitutes. 

1. Oxidised Oil, Black Substitutes. — Sacc*s Experiments on the 
Action of Dilute Nitric Acid on Linseed Oil^ {Cao^itchouc des Huiles). 
— Sacc, whilst 'working in 1846 on the saponification of linseed oil 
iby caustic soda, examined the action of dilute nitric acid on that oil. 
When 100 parts of linseed oil and 200 parts of dilute nitric acid, 
diluted with four times its volume of water, are gently heated with 
continual stirring, the oil becomes brownish-red in colour ; there is 
abundant disengagement of nitrous fumes, the oil thickens in 4 hours 
to a syrupy mass. Zonas in 1848, following up Sacc’s experiments, 
first of all thickened the oil by heat, then having rendered it viscous, 
set fire to it, then, after having partially burnt' it, so as to give it the 
consistency and body of a printing ink vehicle, he treated the result- 
ing product with dilute nitric acid. This was the beginning of 
oxidised oil rubber substitutes (caoutlhouc des huiles). 

Sollier and Battier’s Attempts . — In 1864 F. Sollier, whether 
ignorant or not of above attempts, tried to convert linseed oil into a 
rubber substitute capable of replacing rubber in some of its essential 
applications. Kattier patented a similar product, Present Process. 


1 See also the writer’s translation of “ India-rubber and Gutta-percha ” (Scott, 
Greenwood & Son). 
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— Linseed oil is heated until brown and viscous (22 lb. requires 24 
consecutive hours' heating) and then treated for a few hours with 
nitric acid, until it has assumed a thick plastic consistency, and, 
when cooled in the air, becomes solid. The product is freed from 
the excess of acid by kneading it in weak alkaline lye, until no longer 
acid. When cold it has the appearance of natural rubber; it is 
rather elastic, softens in hot water, and, unlike rubber, becomes 
plastic like gutta-percha. It is soluble in turps, carbon disulphide, 
and alkalies. Acids precipitate it unchanged from its alkaline solu- 
tion. 

If dilute nitric acid and linseed oil yield a product similar to that 
obtained by the action of sulphur chloride on oils, vide infra, yet in 
the latter product sulphur seems the active agent, which explains why 
the same substance is got from drying or non-drying oils. With 
nitric acid there is rapid oxidation exclusively confined to those 
oxidisable principles, viz. the uiisaturated fatty acids only found in 
drying oils. 

The oil is first heated so far as to render it viscous ; it is then 
boiled for a long time with dilute nitric acid. A solid elastic, brown, 
non-tacky substance is obtained analogous to caoutchouc, whence its 
name of black artificial rubber. A similar substance is obtained with 
the different drying oils, but in proportion to the intensity of their 
drying properties. Tjinseed oil and walnut oil yield eight to ten 
times as much as poppy-seed oil. 

Use 9f Rubber Substitutes made from Xitric Acid and Linseed Oil 
in Waterproofing Canvas, Imitation Leather. Us Application to 
Wood, Stone, and Metal. — As soon as discovered the product was 
utilised for waterproofing canvas, imitation leather for saddlery and 
carriage building, and travelling articles of a suppleness and fitness 
leaving nothing to be desired. If its use is less and less for some 
time back, it is still in vogue, and if but rarely used alone it is still 
sometimes added as an additional ingredient to articles made from 
pure rubber. As it adheres perfectly to all fabrics without altering 
them or penetrating them too deeply, the manufacturers of waterproof 
canvas often resort to it. It may also be readily applied to wood, 
stone, and metals, when it contracts a wonderful adherence. 

■ Properties of Oxidised Oil Rubber Substikde.— This substance 
does not melt, but differs decidedly from the final product, linoxin, 
yielded by the complete oxidation of drying oils : by the fact that it 
cannot be saponified by a concentrated aqueous solution of potash. 
On heating therewith, an emulsion is obtained which does not 
separate on the addition of an acid. With alcoholic potash, on the 
contrary, complete saponification takes place, and the addition of an 
acid liberates a mixture of fatty acids of complex constitution. With 
carbon disulphide there is an emulsion ; in petroleum the substance 
BwdlsVithout dissolving; in a mixture of alcohol and ether it swells 
and dissolves if a large quantity of ether be added, whilst it is pre- 
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cipitated if alcohol be added in too great proportion ; finally, it is 
soluble in ether and in a large excess of turps. Rubber substitute 
(from linseed' oil and nitric acid) consists (1) of a mixture of sub- 
stances present in the original oil and not sensibly changed by the 
nitric acid ti'eatment, and (2) of products oxidised by the nitric acid 
and transformed into linoxin, the relative proportions of these sub- 
stances masking the individual properties of each. This substance is 
used either in solution in ether or in spirits of turpentine in water- 
proofing fabrics, or is added directly in the solid state to india-rubber.^ 

2. The Vulcanisation of Oils. Manufaciurc of Bnbhcr Snbsiiinies 
(White Hnhstitutc) by the Action of Sulplmr Chloride on both Dry- 
ing and Bon-drying Oils. — This process is due to Parkes, who, in 
1855, patented a process tor vulcanising linseed and rape oils by 
sulphur chloride. By mixing linseed oil with 5 per cent, of sulphur 
chloride, it becomes very thick, becoming plastic with 15 to 20 per 
cent., the solidity increasing as the percentage rises to 25 per cent. 
If the mixture be cooled solid sheets are obtained, on which other 
layers ciin be superimposed so as to obtain sheets thick enough for 
making printing rolls, boxes, knife handles, etc. If some carbonate 
of lime be added the carbonic acid evolved converts the mixture into* 
a white spongy mass, which is mixed with natural rubber. Sulphur 
chloride has a similar action on other oils such as earth-nut or colza. 

Nickles and Rochleder first investigated the action of sulphur 
chloride on fatty oils with the resulting production of a rubber sub- 
stitute. Sulphur chloride mixed with any vegetable oil immediately 
converts it into a solid, which sometimes is very hard. 

Parkes, to whom industry owes the process of vulcanising rubber 
by S^Clj, patented a process for vulcanising linseed oil and rape-seed 
oil by SoClg (British Patent of 22 October, 1855, No. 2359). 

Iloussins Researches. — In 1858 Roussin described the action of 
sulphur chloride on oil (29 November). If we take 100 parts of 
linseed oil and about 25 parts of sulphur chloride a compound is ob- 
tained possessing the maximum hardness, but 100 parts of linseed oil 
and 15 to 20 parts of chloride yield a more supple product; and, 
finally, 100 parts of oil and 5 of chloride thicken the oil, it is true,, 
but do not harden it. This latter mixture is soluble in all ordinary 
oils, which is not so with thicker mixtures, ’^kich only swell in these 
v^icles. When linseed oil is diluted with 30 to 40 times its weight 
of carbon disulphide, if one-fourth of the weight of oil be replaced 
by the same quantity of sulphur chloride, a product is obtained 
which remains liquid for a few days. If this solution be applied 
on glass, wood, etc., the carbon disulphide evaporates immediately,, 
and a coat of varnish is soon left. Several precautions are taken so 

^ Synthesis of Genuine Rubber . — ^The attempts that have been made to con- 
vert spirits of turpentine into real rubber have not as yet been carried: out iiv 
practice. 
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— Linseed oil is heated until brown and viscous (22 lb. requires 24 
consecutive hours' heating) and then treated for a few hours with 
nitric acid, until it has assumed a thick plastic consistency, and, 
when cooled in the air, becomes solid. The product is freed from 
the excess of acid by kneading it in weak alkaline lye, until no longer 
acid. When cold it has the appearance of natural rubber; it is 
rather elastic, softens in hot water, and, unlike rubber, becomes 
plastic like gutta-percha. It is soluble in turps, carbon disulphide, 
and alkalies. Acids precipitate it unchanged from its alkaline solu- 
tion. 

If dilute nitric acid and linseed oil yield a product similar to that 
obtained by the action of sulphur chloride on oils, vide infra, yet in 
the latter product sulphur seems the active agent, which explains why 
the same substance is got from drying or non-drying oils. With 
nitric acid there is rapid oxidation exclusively confined to those 
oxidisable principles, viz. the uiisaturated fatty acids only found in 
drying oils. 

The oil is first heated so far as to render it viscous ; it is then 
boiled for a long time with dilute nitric acid. A solid elastic, brown, 
non-tacky substance is obtained analogous to caoutchouc, whence its 
name of black artificial rubber. A similar substance is obtained with 
the different drying oils, but in proportion to the intensity of their 
drying properties. Tjinseed oil and walnut oil yield eight to ten 
times as much as poppy-seed oil. 

Use 9f Rubber Substitutes made from Xitric Acid and Linseed Oil 
in Waterproofing Canvas, Imitation Leather. Us Application to 
Wood, Stone, and Metal. — As soon as discovered the product was 
utilised for waterproofing canvas, imitation leather for saddlery and 
carriage building, and travelling articles of a suppleness and fitness 
leaving nothing to be desired. If its use is less and less for some 
time back, it is still in vogue, and if but rarely used alone it is still 
sometimes added as an additional ingredient to articles made from 
pure rubber. As it adheres perfectly to all fabrics without altering 
them or penetrating them too deeply, the manufacturers of waterproof 
canvas often resort to it. It may also be readily applied to wood, 
stone, and metals, when it contracts a wonderful adherence. 

■ Properties of Oxidised Oil Rubber Substikde.— This substance 
does not melt, but differs decidedly from the final product, linoxin, 
yielded by the complete oxidation of drying oils : by the fact that it 
cannot be saponified by a concentrated aqueous solution of potash. 
On heating therewith, an emulsion is obtained which does not 
separate on the addition of an acid. With alcoholic potash, on the 
contrary, complete saponification takes place, and the addition of an 
acid liberates a mixture of fatty acids of complex constitution. With 
carbon disulphide there is an emulsion ; in petroleum the substance 
BwdlsVithout dissolving; in a mixture of alcohol and ether it swells 
and dissolves if a large quantity of ether be added, whilst it is pre- 



246 


THE MANUFACTUBE OF VABNISHES. 


principally to the too energetic action of the chloride upon the oils 
at however low a heat. This difficulty is overcome by the direct 
vulcanisation of linseed oil, by flowers of sulphur, which produces 
a black substance approaching more nearly to the natural colour of 
rubber, which, by its slower and more gradual elaboration, avoids the 
innumerable accidents of a reaction accomplished too rapidly. This 
substitute, which at the present day has in most instances displaced 
oil vulcanised by sulphur chloride, is prepared thus : Linseed oil 
previously heated to 100° C. is intimately mixed with 5 to 10 per 
cent, of flowers of sulphur, according to the object desired, then 
heated gradually to about 130° C. (266° F.). The mixture rapidly turns 
brown, and when it has got to the right heat and very pronounced 
syrupy it is left to itself, without, however, allowing the heat to lower 
below 100° C. (212° F.). Vulcanisation is known to be finished by 
the deep brown, almost black, colour of the mass, and its ever-increas- 
ing thickness. At this point the process is conducted as in the case 
of sulphur chloride substitutes. The vessels are emptied on smooth, 
cold surfaces, to render the product detachable after cooling. A 
substitute from non-drying oils is made by taking 100 lb. of good 
Stettin colza oil and mixing it with 15 lb. flowers of sulphur, and 
heating the mixture with frequent stirring to about 300° F. until 
a dark coloured, almost solid, mass is obtained. On cooling, the 
mass is rubber-like but devoid of the elasticity and tenacity 
characteristic of rubber. During the process part of the sulphur 
enters into combination with the oil, part remains free. The free 
sulphur should be very small. The average amount is 2*5 per cent. ; 
when the amount reaches 5, it is objectionable, as it produces defective 
goods. All the oil should be combined, as any free oil is found to act 
upon the real rubber with which the substitute is mixed, and causes it 
to decay. The fatty compound formed by the interaction of the oil 
and the sulphur is not soluble in petroleum ether or petroleum spirit^ 
but is acted on by alcoholic solutions of caustic soda. 

Eubber Substitute from Maize Oil . — The manufacture of rubber 
substitutes is so simple as to lie easily within the means of ordinary 
factories. It is assumed that the factory has ordinary conveniences, 
and gas is laid on, as in the manufacture of “black sub ” ; great heat 
is supplied by gas quickly and economically^ oA cylindrical tank or 
bojler should be provided holding one or more barrels of corn oil, and 
placed so that it may be filled at its top. Such a tank, in the factory 
basement, could be filled from barrels, on the main floor with little 
trouble or waste by placing the tank immediately beneath the floor> 
which is provided with a small hatchway or trap-door. The tank 
should be filled with faucet for drawing off oil as required, or oil 
may be piped directly to the boiling-kettle. Gas jets are arranged 
around the base of this tank, so that its contents can be heated in 
advance, an economy in time. Within easy distance of the tank should 
be another cluster or circle of gas jets in a chamber shut in at th&« 
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sides, open at the top, properly constructed, and of a strength to 
sustain an 8-gallon pan. Still another cluster of gas jets should 
be provided over which sulphur can be melted. Also a cooling 
box, 2 by 3 by 5 feet, constructed of wood. The apparatus now 
consists of an iron boiler for holding the supply of corn oil, a 
heater for boiling the oil, a heater for melting sulphur, and a cooling 
box. Two strong men are required to handle the work properly. 
Eight gallons of corn oil are drawn off from the tank, and 20 J lb. of 
sulphur weighed into a large dipper, and each placed over its re- 
spective heater. The oil, having been previously heated, attains the 
boiling-point quickly, and for 30 minutes should be kept at a tem- 
perature of 470° F. and constantly stirred. The sulphur, being now 
melted, is added to the boiling corn oil. It must be added hot to 
prevent crystallisation. The workmen must be prepared for prompt 
and skilful action at this point, for no sooner does the sulphur mix 
with the boiling oil than the contents of the kettle rise rapidly, and 
before it can boil over must be removed and emptied into the cooling 
box, where it is stirred. When cold it is dumped upon and tied up 
in large cloths, or placed in pans ready for use, as convenience or 
necessity suggests. In this manner black substitute is manufactured. 
The boiling will reduce the quantity somewhat, say 2 per cent., and 
from a weight of 69J lb. of material a batch should result weighing 
about 68 lb. It will be noted that something over 41 per cent, of 
sulphur is required to make this substitute, while to oxidise (vulcanise) 
cotton-§eed oil or rape-seed oil requires but 26 per cent. A recipe 
which has been given for making sulphur chloride substitute from 
rape-seed oil is as follows : — 


Rape-seed oil \ gallon. 

Benzine 1 »» 

Sulphur chloride 14 ounces. 

Magnesia in 


The above-described rubber substitutes are sometimes employed 
in waterproofing cloth, water pipes, etc. ; sometimes in combina- 
tion with natural supple rubber for other industrial uses. 

Only one class of organic compounds plays an important r6le in 
the rubber industry^ viz. the products sold as rubber substitutes, 
artificial rubber or imitation rubber, made by heating oils, whether 
drying or non-drying, with sulphur or sulphur chloride, and the non- 
sulphuretted substitutes made by oxidising linseed oil. 

Wattr'proof Varnish from Vulcanised Oil (Fr. Pat. 480,038, 
M. Poto).— Oils vulcanised with sulphur chloride are dissolved in 
amyl acetate, the following typical method of preparation being fol- 
lowed : One thousand parts of castor oil are mixed with 2000 of amyl 
acetate, and stirred up well with 250 parts of sulphur chloride. In 
a short time the mixture sets to a fairly solid jelly, and gives off large 
^quantities of hydrochloric acid vapour from the acetyl chloride formed 
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during the reaction. If, however, the product be left in a tightly 
closed vessel for several days it will be found to have become com- 
pletely liquefied and dissolved. The acid reaction is neutralised, 
preferably with barium carbonate, and after the precipitate has been 
removed by decantation and filtering, a clear, almost colourless, liquid 
is left, consisting of a perfect solution of the vulcanised oil, hitherto 
regarded as insoluble. This solution may be employed, as it is, for 
waterproofing fabrics, leather, j)aper, etc. On the other hand, if it 
be mixed with other solvents, such as alcohol, benzol, acetone, acetic 
ether, etc., and employed to dissolve a certain proportion of nitrocel- 
lulose, there results an excellent varnish for glossy leather — the gloss 
resisting the action of soap, friction, etc. — a leather polish, a vaimish 
for oil cloth, and when mixed with pigments, a waterproof, quick- 
drying paint which will stand washing and changes of temperature. 

Analysis . — Substitutes are generally met with in the form of 
yellow or brown elastic masses, without cohesion, breaking up under 
pressure, greasy and moist to the touch. Two of these substances 
gave the following results : — 

TABLE SHOWING THE PARTIAL ANALYSIS OF TWO RUBBER 
SUBSTITUTES. 



I. 

11. 

Water 

1-00 

0-85 

Sulphur .... 

()-17 

C4 

Ash 

5-52 

O'H 


Substitutes behave towards solvents like rubber itself ; insoluble in 
alcohol, they only dissolve with difiiculty and incompletely in benzol, 
carbon disulphide, turps, etc. To detect the presence of oils or fats 
in manufactured rubber, a method has been proposed which yields, in 
experienced hands, useful results. The rubber is digested in carbon 
disulphide to which 5 per cent, of turps has been added, the solution 
is filtered after a few hours, and distilled. An appreciable residue 
indicates the presence of foreign bodies of a fatty nature. The 
method has several drawbacks: first, vulcanised rubber is slightly 
soluble in the mixture of carbon disulphide and alcohol ; the experi- 
ment is not conclusive unless the fats are present in notable quantity ; 
finally, sulphur is likewise dissolved, and maj give rise to error. In 
spite of these drawbacks, from a qualitative point of view, the method, 
applied with discretion, may yield useful indications. For a quanti- 
tative estimation the process cannot be adopted, because the sub- 
stitutes only dissolve partially, even when isolated and repeatedly 
digested in alcoholised carbon disulphide. The sorts examined left 
after solution a residue of 20 to 30 per cent, of their weight, and on 
each treatment still further lost 1 to 2 per cent., so that it cannot 
be admitted that the substitute is insoluble, and that it is the 
proportion of unchanged oil or fat which alone dissolves. Substitutes 
dissolve completely in petroleum at a high temperature, as vulcanised 
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rubber does itself. Ligroin only dissolves them partially. Aqueous 
soda dissolves them with difficulty and incompletely. The action of 
alcoholic soda is dealt with further on. Hiibl’s iodine addition 
method seemed likely to prove useful, for rubber hardly absorbs 
iodine, whilst sulphuretted oils should readily fix iodine, like the 
■oxidised oils which almost retain their primitive iodine value. 
Preliminary experiment led to this unexpected result : sulphuretted 
oils do not absorb iodine and behave like quasi-saturated compounds. 
Henriques tried to separate the sulphur from the substitutes and to 
isolate and weigh the regenerated fatty acids. He treated the sub- 
stitutes with alcoholic soda, to which different salts that absorb 
sulphur were added— salts of lead, mercury, copper and zinc ; but 
in whatever way treated, the fatty acids, isolated from the alcoholic 
lye, varied in quantity, and always contained equally variable quanti- 
ties of sulphur. He tried, without success, to effect saponification 
and desulphurisation in a closed vessel at a high temperature, 
by re]olacing ethylic alcohol by amylic alcohol. However, sub- 
stitutes dissolve freely and completely in alcoholic soda, and on this 
fact is based an approximate method of analysis. Sharp and com- 
plete separations as in inorganic analysis are here quite impractic- 
able. Eesults are only approximate. We have to deal with very 
-complex mixtures, like rubber itself, which may contain substances 
belonging to different classes of bodies. The following experiment 
'Shows that substitutes, or at least their organic constituents, are 
'Compltttely soluble in alcoholic soda : 1 gramme of substitute was 
■boiled in a flask attached to a reflux condenser, with an excess of 
•caustic soda (7 to 8 per cent. Na^). After a few hours the alcohol 
was distilled off, the residue dissolved in water, and filtered through 
a tared Alter. 

Weight of the dry residue .... 0’041 = 4*1 per cent. 

„ „ „ ash O-04I3 

The residue, therefore, contained no trace of organic matter. Another 
substitute which left no ash dissolved completely. Both white 
and brown substitutes are slightly yellowish, clotted, elastic masses, 
with a neutral reactjon and a slightly penetrating oleaginous 
odour. Water extracts nothing; acids and alkalies but little; 
neither do the majority of neutral organic solvents. The chara<5ter- 
istic of these products is their high chlorine content — almost as high 
AS their sulphur content. From their behaviour with solvents the 
chlorine should exist in organic combination. If the substitutes 
examined result from the action of chloride of sulphur upon oils, 
that reagent has entered entirely (chlorine and sulphur), into the mole- 
cule of the proximate constituents of the oil. In order to facilitate 
the explanation of the results, Henriques’ analyses are given on the 
next page. 
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TABLE SHOWING ANALYSES OF COMMERCIAL RUBBER 
SUBSTITUTES. 



White Substitutes. 

Brown Substitutes. 


A 

B. 

C. 

A. 

B. 

Sulphur in the substitute . 

6-4 

6-17 

8-25 

15-48 

17-71 

Chlorine „ „ . . 

5-0 

5*86 

8*88 

0*7 

0-3G 

Water „ ,, • ■ j 

Ash in the substitute . . ! 

0-85 

1-0 





— 

0-8 

5-61 







Percentage of fatty acids . 

90-45 

73-58 

— 

— 

— 

Sulphur in the „ „ . 

6-12 

6-45 

8-15 

14-14 

15-20 

Chlorine „ „ „ . 

0-83 

0-48 





__ 

Iodine value of the substitute . 

30-9 

31-0 

32*6 

42*0 

42-0 

„ „ „ fatty acids . 

91-3 

91-2 

102-3 

129-0 

125-6 


The determination of the sulphur of substitutes involves the 
same precautions as rubber. Oxidation by nitric acid, followed by 
fusion with an alkaline oxidising agent, alone yields concordant, 
results. To estimate the chlorine, nitrate of silver was added to the 
nitric acid, so as to avoid all loss by volatilisation of the hydrochloric 
acid. After alkaline fusion, the whole is digested in water, the in- 
soluble silver compounds are separated (generally metallic silver),, 
and the sulphur is estimated in one portion of the liquid as barium 
sulphate, and the chlorine by titration with nitrate of silver and 
sulphocyanate. As already mentioned, oils solidified by s,’ilphur 
chloride absorb only insignificant quantities of iodine. Sample A 
in the table, for example, gave an iodine number of 7'2 (Hiibl), and 
this number is only apparent. The feeble iodine absorption is partly 
due to the product being almost insoluble in chloroform. By 
frequently agitating the finely divided substitute in suspension in 
that liquid with excess of iodine solution, and leaving it in contact 
for twelve hours, Henriques obtained from sorts A and B, table, 
iodine values of 30*9 and 31. Compared with the iodine values of 
the drying oils used to make these substitutes, these figures are very 
low. Sulphur chloride seems partially to saturate the free valenciea 
of the oil as much by its chlorine as by its sulphur, possibly by ita 
chlorine alone. Substitutes treated with iddine, in chloroformic 
solution, strongly retain the metalloid, and it is necessary in the 
’ back titration by thiosulphate to stir energetically and for a long time 
so as to destroy all iodine in excess. 

Substitutes are completely soluble in alcoholic soda, vide supra. 
In this reaction, the chlorine is almost eliminated, whilst the per- 
centage of sulphur in the fatty acids corresponds exactly with the 
percentage of sulphur in the substitute. However, the proportion of 
fatty acids found is always lower than simple saponification would 
imply, even taking into account the elimination of the chl(;rine. 
Thus, Sample A gave 90 per cent., Sample B only 74 per cent, of 




MANUFACTURE 0^ RUBBER SUBSTITUTES. ' 251 

fatty acids. A portion of the oil and a corresponding quantity of 
sulphur must thus have undergone a different transformation. 
The liquid from the saponification contains much chlorine but no 
apparent sulphur nor sulphuric acid, sulphuretted hydrogen nor 
sulphurous acid. But on evaporating these liquids in presence of 
the excess of hydrochloric acid added to liberate the fatty acids to 
the point where hydrochloric acid fumes begin to be given off, the 
presence of much sulphuric acid is demonstrated. It would seem, 
therefore, that the sulphur chloride with the assistance of oxygen 
borrowed either from the air or the substitute itself, transforms 
a portion of the oil into a sulpho-oleic acid analogous to those pro- 
duced in the manufacture of turkey-red oil. In all substitutes made 
by Henriques these sulpho-oleic acids were formed, in greater or- 
less quantity, with a consequent diminution of substituted fatty acids.. 
These concomitant reactions are difficult to regulate, for even when 
working under apparently identical conditions, he obtained variable' 
proportions of insoluble fatty acids. As saponification eliminates 
chlorine from the molecule of the substitute, it was to be foreseen 
that the isolated acids would appreciably absorb more iodine than 
the substitutes from which they were derived, whilst the ordinary 
fatty acids yield, as is known, an iodine value approaching that of 
the oils from which they were derived. In fact, the iodine values of 
the fatty acids are almost triple those of the substitutes. Little is. 
known of the action of sulphur chloride (SjjCy on fatty oils. Warren 
asserts that drying oils yield solid masses with sulphur chloride in- 
soluble in carbon disulphide, whilst the non-drying oils yield products. 
soluble in that solvent. 

Stolmann, in the last (German) edition of Muspratt’s “ Diction- 
ary,” writes that these results are unreliable, as olive oil — the type 
of the non-drying oils — is transformed by sulphur chloride into a. 
rubber-like mass, insoluble in ether. Sommer’s patent specification 
as well as Henriques’ results, formally contradict Warren’s asser- 
tions. If a sufficient quantity of sulphur chloride be added to a 
fatty oil, the two liquids soon mix. Energetic reaction soon seta 
in, with great evolution of heat. The mixture froths, rises, gives off 
vapours of sulphur chloride, with a little hydrochloric acid and 
sulphurous acid gae ;* after a few seconds the whole becomes con- 
verted into a solid, elastic, scarcely tacky mass that can be grpund 
and crushed under the pestle. Exposed to the air, the mass loses 
the excess of sulphur chloride used and the adherent hydrochloric- 
acid ; it then resembles in every way commercial white rubber 
substitutes. If one or other of the reagents, or both, be diluted, 
with a neutral solvent, carbon disulphide or benzol, the reaction 
is longer in being manifested, its violence is moderated, but the 
final result is the same. The substitute is a little more porous in 
consequence of the volatilisation of the solvent. That is how the 
reaction goes on in presence of a sufficient quantity of sulphur 
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-chloride. In the contrary case, along with a less disengagement of 
heat, a pasty, tacky residue is obtained, which even a long time 
afterwards, whether in the hot or in the cold, does not solidify. The 
-quantity of sulphur chloride required to convert an oil into a solid 
substitute varies with the nature of the oil, according to Henriques’ 
experiments thus : — 


■TABLE SHOWING THE NUMBER OF LB. OF SULPHUR CHLORIDE 
REQUIRED TO CONVERT 100 LB. OP DIFFERENT VEGETABLE 
OILS INTO WHITE INDIA-RUBBER SUBSTITUTE. (HENRIQUES.) 




■ I ‘arts S„Cla. ", 


f Parts S.,Clo. ^ 

Linseed -n 


25" 


1 30 ' “ 

Pop]\y 
Rape 1 

Cotton 1 
Olive 

do not yield 
^ a solid pro- ' 
duct with 

30 

20 ' 
40 

20 

but do so 
' well with ' 

35 

25 

45 

25 

Castor J 


18 J 


20 


These figures show that there is no relation between the drying 
properties of oils and their aptitude to solidify under the action of 
sulphur chloride. Having fixed the proportions of sulphur chloride, 
Henriques prepared and analysed substitutes with linseed oil, rape 
oil, and poppy oil bases, and with a mixture of equal parts of linseed 
oil and rape oil. 


TABLE SHOWING ANALYSES OF SPECIALLY PREPARED 
SUBSTITUTES. 



A. 

B. 

C. 

D. 

E 

F. 

G. 

H. • 

1. 

Sulphur in the substitute 

9-34 

4-78 

8-28 

6 59 

7-68 


4-82 

10-6 

6*23 

Ohlonue ,, „ 

8-84 

4-85 

7-62 

.5-95 

7-44 

— 

6-70 

8-95 

5-36 

Water ,, ,, 

3-02 

0-85 

— 

— 

— 

— 

— 

— 

— 

Ash in the substitute 

0-0 

0*0 

0-0 

0-0 

0-0 

0-0 

0-0 

0*0 

0-0 

Percentage of fatty acids 

79-6 

1-67 

86 891 87 9.5 

74-90 

_ 

85-3.5 

— 

— 

Sulphur in these acids . 

9-88 

4-06 

8-34 

6-54 

8-32 

— 

5-32 

— 

6-44 

Chlorine ,, ,, 

Iodine value of the sub- 
stitute 

Traces. 

0-60 

Little. Little. 

— 

— 

0-26 

Traces. 

Traces. 

55-3 

62-6 

32-.5 

29-9 

33-6 

42-8 

35-2 

21-9 

30-3 

Iodine value of the acids 

160-3 

141-21 

101 -.5 

102-8 

133-3 

129-2 

136-2“ 

143-5 

91-5 

Acetyl „ . . . 

21-0 

19-6 

31-0 



~ 


105-6 

51-3 


A, Raw linseed oil (Iresh). B, Oxidised oil. C, Rape oil (fresh) D, Oxidised rape 
oil, E, Oxidised poppy-seed oil. F, Mixture of oxidised ’.i^eed and jioppy oils. G, 
•Castor oil with a minimum dose of chloride of sulphur. H, (Jastor nil with !i maximum 
dose of chloride ol sulphur. I, The oil termed soluble castor (oxidised cotton-seed oil). 

The results are given in the table. Neither of these substitutes 
are analogous with the substitutes A a»d B of the previous table, 
products of English origin, of which it would be desirable to know 
the method of preparation. On the contrary, the commercial 
sample C (previous table) yielded, on analysis, figures so similar to 
those of the rape oil substitutes C, of above table, that they may be 

^ Another determination gave iodine value = 121’0. ^ 

“Two other determinations gave 147 and 1521. 
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rightly regarded as identical. The iodine numbers of the fatty acids 
isolated from substitutes show such wide differences from one kind 
to another that agreement in the iodine numbers may be taken as 
proof of identity. Moreover, Henriques learned from a manufacturer 
tJuii the bulk of the snhditutes made, in Germany are made from rape, 
oil The distinctive character of the English substitutes A and B is. 
their relatively low percentage of sulphur, according to which only 
20 per cent, of sulphur chloride had been used to solidify the oil. 
With the exception of castor oil, only oxidised oils can be solidified 
with that proportion of sulphur chlorid(‘. 

Kaw linseed oil, tor example, which requires at least dO parts of 
sulphur chloride, S^Ck, to solidify it when it is fresh, only requires 15' 
to IH per cent, when it has been heated foi some hours at 200® to- 
250° Cl. (say 392' to 482° F.). If the temperature be pushed to 250° 
to 300° C. (482° to 572° F.), iO •))er cent of S.Xll,, suffices. A substi- 
tute prepared would run into 4*78 per cent, of sulphur and 4'85 per 
cent, of chlorine. All drying oils behave in this respect like linseed 
oil. 

Henriques thus identified the English substitutes with the pro- 
duct obtained by the action of sulphur chloride on oxidised cotton- 
seed oil, known in the English trade under the name of soluble 
castor oil, “ lardine ”. 

Brown Substitutes. — These occur as deep brown, tacky blocks, 
sometimes in powder. Analysis shows a greater quantity of sulphur- 
than ija the substitutes previously examined. But chlorine is almost, 
entirely absent. They are undoubtedly obtained by heating oil with 
sulphur. They also dissolve in alcoholic soda ; the soap, treated by 
an acid, disengages appreciable quantities of sulphuretted hydrogen ; 
the isolated fatty acids, however, contain a smaller proportion of. 
sulphur than the substitutes from which they were derived. 

Their iodine value and those of their tatty acids is rather high ; a. 
mixture of hemp-seed, rape, and linseed oil, or a mixture of linseed, 
and rape oil, is used in their manufacture. Henriques did not pur- 
sue the examination of these substitutes, which are much less inter- 
esting from the scientific point of view. To ascertain whether 
' vulcanisation of rubber, sophisticated with substitutes, influenced the^ 
percentage of chlorme'in the product, Henriques examined a number 
of manufactured rubbers containing substitutes, and always fgund 
chlorine in appreciable quantity. As no other chlorinated compounds,, 
with one exception, are used in the manufacture of rubber, we may 
conclude that the presence of chlorine in the alkaline alcoholic extract 
of a rubber is due to the use of a white substitute. Quantitative tests,, 
however, showed that the proportion of chlorine in manufactured 
rubbers is much less than that which corresponds with the quantity 
of substitute added. Thus, in two samples the percentage of sub- 
stitute of which came out at 53 and 12 per cent., Henriques found 
only 0*5 and 0*37 of chlorine, whilst calculating on an average of 
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7 per cent, chlorine in the substitute, Henriques ought to have found 
S'7 and 0*9 per cent. Cl. On vulcanisation, a portion of the chlorine 
is therefore disengaged either in the form of sulphur chloride, or 
as hydrochloric acid. If alcoholic soda extracts an appreciable 
quantity of substance from rubber, and the extract contains no 
chlorine, we can decide whether the rubber is mixed with brown 
substitute or contains a fatty body. The fatty acids liberated from 
substitutes contain slightly less sulphur than the substitutes them- 
selves. Those of brown substitutes generally contain more than 10 
per cent. If, therefore, the fatty oils have not absorbed sulphur 
during vulcanisation — if they have not by the heating itself of the 
rubber been converted into substitute — we should be able, by isolat- 
ing the fatty acids from the treatment with alcoholic soda, and by 
estimating their percentage of sulphur, to distinguish between the 
addition of an oil heated with sulphur and an ordinary oil. In order 
to solve this point experimentally, Henriques heated rape oil with 
excess of sulphur for several hours at a temperature of 130“ to 135“ 
C. (266° to 275° F.), the highest temperature reached in vulcanisa- 
tion. The oil dissolved large quantities of sulphur, which for the 
greater part recrystallised out on cooling. After filtration the limpid 
oil was saponified, and the fatty acids separated. Finally, the latter 
were dissolved in 90 per cent, alcohol to separate the precipitated 
sulphur, and the sulphur was estimated in the acids thus purified, 
in which were still deposited some crystals of sulphur after filtration. 
Found sulphur = 0*98 per cent. 

The quantity of sulphur so found may be neglected when com- 
pared with that which brown substitutes contain. The problem to 
detect in a rubber the presence of white substitute, brown substitute, 
or an ordinary fatty oil, and to estimate them therein, may therefore 
be regarded as solved. The presence of notable proportions of 
chlorine points to the addition of white substitute. The estimation of 
the sulphur in the fatty acids liberated from the alcoholic soda ex- 
tract decides between brown substitute and a fatty oil. The method 
is at fault if a rubber contains all these three categories of substance 
simultaneously, but evidently that occurs very rarely. 

The following diagrams show the chemical constitution of white 
substitute (1) before, (2) after saponification : — " 

(1) (2) 

X - CH - CHCl = y x-C = CH-y 

I ‘ I 

s, s, 


X - CH = CHCl - y 


X - 0 = CH - y 



CHAPTER XIII. 


TIME OP DRYING AND CHEMISTRY OP DRYING PROCESS. 

Chevreul was one of the first to experiment on the rapidity of 
drying of linseed under varying conditions. The accompanying two 
tables speak for themselves 


TABLE SHOWING TIME TAKEN BY (1) RAW LINSEED OIL, (2) LINSEED 
OIL AND WHITE LEAD, (3) LINSEED OIL AND WHITE ZINC TO DRY 
ON DIFFERENT IMPERVIOUS SURFACES. (CHEVREUL.) 



TABLE SHOWING THE RAPIDITY OF DRYING OF DIFFERENT COATS 
OR FILMS OF LINSEED OIL, BOTH AND BOILED WITH 
AND WITHOUT DRIERS OF DIFFERENT KINDS AND ON DIF- 
FERENT SURFACES: A, B, C, OAKWOOD; D, E, F, G, GLASS. 
(CHEVREUL.) 


A. 

B. 

C. 

D. 

E. 

F. 

G. 

No. of Coat, 

Dayj. « 

Days. 

Days. 

Days. 

Days. 

Days. 

Days. 

1 

99 

41 

2 

6 

4 


• 

2 

2 

6 

4 

3 

6 

5 

4 

4 

3 • 

8 

4 

2 

5 

5 

2 

4 

Total Days 

108 

49 

7 

17 

14 


10 


= fdw linseed oil tested against B. 
g g I B = raw linseed oil boiled for S^houre. > 

1 1 \c = raw linseed oil boiled for 3 hours with ^ per cent, of litharge, which 
1 1 •] shows that heat does not act by itself alone as the litharge-treated 

^ 1 oil dried 7 times more rapidly. 

( 255 ) 
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a 

V 

a 

3 

02 


/D = raio linseed oil. 

E = raw linseed oil heated not higher than 70 to 80" C. for 0 hours. It willl 
be seen that it dries better on glass than the raw oil D. 

^ F = raw linseed oil heated to 70 to 80° C. with 10 per cent, of manganese 
peroxide ; the oil then dried in half the time it took in E. 

G = raw linseed oil boiled with 10 per cent, manganese peroxide. The ■ 
. time occupied in drying was increased compared with F. 


To prevent surface drying, which would stop the liquid underlayer 
from absorbing oxygen, Mulder urged the need for spreading the 
oils out thinly. He spread 3 grammes of oil over 220 square centi- 
metres (about 0'015 gramme of oil per square centimetre). He noted 
the following increases : — 


OXYGEN ABSORPTION, PER CENT., AND TIME TAKEN BY VARIOUS. 
SAMPLES OP LINSEED OIL TO DRY WHEN SPREAD OUT IN. 
LAYERS OP DIFFERENT THICKNESSES. (MULDER.) 


' 


Thickness of Film. 


j Dius. 

35 mg. ])er s(j, cm 
Oxygen Absorption, 
})t*r Cent. 

8 mg. per sq. cm. 
Oxygen Abborption, 
pel Cent. 

3 mg. per s(]. cm. 
Oxygen Absorption, 
per Cent, 

1 


P2 


2 

— 

4*3 

— 

8 

0-05 

7-3 

0*2 

4 

— 

IM 

— 

5 

O'l 

— 

— 

6 

— 

IC'G 

— 

7 

— 

lG-9 

— 

8 

— 

17*1 

4-9 

10 

0-5 

— 

~ 

18 

— 

lG-4 

— 

14 

— 

— 

]7'0 

15 

2-9 

— 

— 

18 

— 

14-1 

17-7 

21 

— 

— 

— 

22 

— ! 

— 

18-1 

: 24 

— 

12-4 

— 

2G 

— 

— 

18-1 

29 

10’5 

— 

— 

: 82 

— 1 

13-2 

— 

36 

10'7 ; 

13-6 

17-7 

' 39 

— 1 

— 



43 

10'3 ■ 

— 

16’3 

1 46 

' — * i 

11*2 

— 

60 

i 10-2 

— 

15-3 

58 

— 

U-2 

' — 

64 

— 

— 

15-3 

71 

— 

— 

15*3 

88 

10-6 

— 

— 

91 

' — 

10-8 

— 

169 

1 — 

— 

15*8 

112 

10 6 

— 

— 

115 

— 

• 100 

— 

256 

' 

— 

14-7 
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With regard to column I. of table. Owing to the length of time 
occupied by the experiment no comparison can be made. Mulder 
took the figure 10‘6 as correct, even though he found much higher 
numbers in similar experiments (see columns II. and III.). Mulder 
did not overlook that the thicknesses of the films (columns I. and II.) 
are completely different, so that in the plates with closely agreeing 
end results, 10‘6 and lO’O above given, the lower layer of the film is 
untouched. This is quite correct, and was due to the thickness of 
Mulder’s films. In the case of column I., with thick layer the maxi- 
mum of 10'6 per cent, was attained in 88 days, and in the case of 
column II., with the thinner layer, in 8 days with 17*1. This maxi- 
mum meant nothing to Mulder, neither was it of any importance in 
a third research (column III.) which he undertook. The experiment 
was made on linseed oil treated with cone. H 0 SO 4 (column III.). It 
will be seen how the oxygen absoi’ption decreased during Mulder’s 
protracted experiment. He believed that sulphuric acid saponifica- 
tion had- occurred and tested the linseed oil for free fatty acids by 
shaking it with alcohol and precipitating the solution with lead 
acetate ; ho only got a very small precipitate. Moreover, he found 
no difference although the dried linseed oil was darker. He tried to 
explain the decreased absorption by assuming that, normally, oleic 
acid is volatile ; here, from an absorption point of view, it formed fixed 
oxidation products. He therefore ascribed the increase in weight, 
during the drying of the linseed oil, to oxygen absorption, and the 
decrea^ in weight that followed, to the escape of volatile substances 
therefore the apparent oxygen number of the oil was 11 per cent, 
Mulder made a similar experiment with his linoleic acid. With a 
film of thickness of 24 milligrammes per sq. centimetre, in 28 days he 
found an oxygen number of l7'9, with 29 milligrammes in 23 days he 
found 20. The linoleic acid by that time had, moreovei-, become 
solid, but viscous and tacky. 


TABLE SHOWING OXYGEN ABSORBED PER CENT. BY WEIGHT BY 
LINSEED OIL WITH AND WITHOUT DRIERS. (MULDER.) 



• Increase in 


Increase in 

Oil Alone. 

Weight, per 
Cent. 

Oil Plus Drier. 

Weight, per 
Cent. • 

Poppy-seed . 

12-2 

Linseed and manganese 
borate 

12-4 

Walnut .... 

8-7 

Linseed and litharge . 

12*6 

Linseed 

11*9 

„ „ red lead . 

13-2 


' In a later experiment a so-called boiled oil was used containing 
2-6 per cent. PbO. The air issuing from the flask was first passed 
through calcium chloride tubes, which retained ( 1 ) water, ( 2 ) formic, 
VOL. I. 17 
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and (3) acetic acid, then through soda lime tubes to absorb (4) CO 2 . 
Air was passed through the oil for 2 days with the following result : — 


Increase in weight of oil . 
Found HjO, CHjOa, C 2 H 4 O 2 
„ CO2 . . . 


. 0*92 per cent. 
. 1-06 „ 

. 018 „ 


Quite different results were found when the air was passed over 
the oil for 23 days : — 

Increase in weight of oil 2*03 per cent. 

Found HgO, CHgOg, CgH^Og 2*73 „ 

„ CO 2 0-67 „ 

The ratio of the absorption (increase in weight) to the loss in 
weight is 1 to 1*35 and 1 to 1-163. The ratio of 

II 2 O + 002^2 "1* ^^2 

is 6*9 to 1 and 4*8 to 1. From such wide differences as these it must 
be concluded that the nature and amount of the volatile substances 
differ under different experimental conditions. 

Kissling passed a stream of dry air free from COg through lin- 
seed oil at 100° C. (212° F.). The air on exit passed (1) through a 
vessel containing cone. H 2 SO 4 then ( 2 ) through another containing 
caustic soda solution. The daily increase in weight throughout was 


Of the oil 0*41 gramme. 

„ H 2 SO 4 0-39 

„ NaHO 0-07 


The last figure was estimated by titration and calculated as COj. 
Small amounts of formic and acetic acids were also found. Mulder’s 
and Kissling’s results show that the loss in weight is greater than 
the net increase in weight. Fahrion suggested the net increase in 
weight as the apparent oxygen number, analogue of the iodine num- 
ber. It must be recognised that the net increase in weight is only 
apparent ; this is brought about by a correction to the true oxygen 
number, viz. the total amounf of oxygen entering into the reaction 
expressed as per cent, of oil. It is thus evident that the true oxygen 
number can only be determined gasometrically. Mulder estimated 
the apparent oxygen number thus : He coated tin plates of 250 sq. 
centimetres or 150 sq. centimetres with a film of linseed oil and left 
them exposed to the air. The plates were weighed from time to time. 
Mulder gave the increase in weight in absolute numbers. At the end 
of the experiment the sum of the negative numbers was deducted 
from the positive numbers, and the difference calculated to per cent. 
*of original oil, the increase in weight being defined as apparent 
oxygen numbers. Fahrion, better to appreciate Mulder’s results, 
calculated them to per cent, of oil. 

The Oxidation and Consequent Drying of Linseed Oil on Porous ! 
Media , — There was a long lapse of time from Mulder till 1883, when ; 
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Achille Livache brought forward a new method. Chevreul had de- 
scribed long before how linseed oil spread on such impervious media 
-as sheet-lead, dried quicker, also on porcelain, glass and gypsum, 
whilst sheet-copper, zinc, brass, iron only slightly accelerated the 
process. Livache replaced sheet-lead by lead in powder. 

Experiments with Copper Poivder to Replace Livache* s Lead 
Powder. Hiibl recommended copper powder in place of lead powder, 
which he claimed gave results corresponding better with the iodine 
number of the oil. But Weger has shown that such a comparison 
between the oxygen number and the iodine number is impracticable. 



Fig. 75. 

Pig. showing graphically the effect on the rapidity of drying and oxygon absorption 
per cent, of weather, temperature, percentage of moisture in surrounding air 
and*oxygen content of the superincumbent atmosphere on one and the same 
sample of oil tested at somewhat lengthy intervals. 

In any case, copper powder seems to be at least as effective as lead 
powder. Lippert’s experiments at least prove it. The test is made 
thus : On a glass basin, 10 to 12 centimetres diameter, 8 to 10 grammes 
of commercial copper powder, sometimes covered with a slight film 
of cuprous oxide, and then without stirring, 60 drops 0*6 to 0'7 
gramme of linseed oil was dropped on to it. If more or less be 
taken, other numbers will be found. However, working as above, 
two comparative estimations may be made, the results of which agree. 
The maximum increase in weight is determined on the second, third, 
or fourth day. The ^oHowing are the results of five experiments : — 


TABLE SHOWING THE RESULTS OF FIVE EXPERIMENTS ON^ 
, OXYGEN ABSORPTION BY COPPER POWDER. (LIPPERT.) 


Oxygen Number. 

Flanders 
Varnish 
Linseed Oil. 

The Same Heated 
rapidly to 

805° C. (581° F.). 

Indian 
Linseed 
Oil, Old 

Dutch 

Varnish 

Oil. 

Dutch 
Linseed Oil, 
Raw Fresh. 

1 day 

5-4 


14’3 

9-1 

1-2 

2 days 

16-5 

11-4 

16-6 

17-6 

12*6 

3 . 

17-8 

17-4 

15-7 

17*4 

— 

4 „ . . 

17*4 

17*9 

— 

— 

19*3 
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Livache’s Precipitated Lead Test . — The conversion of a drying oil 
into a solid elastic substance is- due to absorption of oxygen. Linseed 
oil absorbs 14 to 16 per cent, of its weight, and it is easy to directly 
measure the quantity absorbed by imbibing in the oil a little spongy 
metallic lead, well washed and dried in racuo. obtained by precipitat- 
ing a lead salt by a zinc plate ; the whole is exposed to air as long 
as the weight varies ; the increase in weight indicates the amount of 
oxygen absorbed. By this process, when conducted w ith the neces- 
■sary precautions, the quantity of oxygen absorbed by any sample of 
linseed oil may be rapidly ascertained, and, whether a pure oil is 
being dealt with or an adulterated oil, or an oil already partially 
oxidised, in all cases it can readily be ascertained whether an oil 
-corresponds wdth a given sample. 

This reaction ought to draw the attention of practical men, be- 
oause samples are often met with which, although equally genuine, 
take longer time to dry. Now, the precipitated lead test, it is 
claimed, indicates the difference in duration of the time taken by the 
oil for complete oxidation, and thus predicts beforehand the way in 
which any given oil will dry when applied to an appropriate surface 
on the large scale. 

Process . — One gramme or thereabouts of the precipitated lead is 
weighed in a tared watch glass, then 0’5 gramme of oil is spotted 
upon it drop by drop, spacing out the drops that a little dry lead 
rests between each of them. At the end of 2 days the following re- 
sults were noted in regard to oils in column 1. The oils in column 
IL showed no results during the first 2 days. The figures in the 
column are the increase after a week : — 


1. Oil. 

j Increase, per 

1 Cent. 

i 

11. Oil. 

Increase, i)er 
Cent. 

Linseed 

14-3 

Colza .... 

2*9 

„ fatty acids 

11-0 

Sesamum 

2-4 

Walnut. 

7-9 

Earth-nut , 

1-H 

Poppy-seed . 

I 6-8 

Rape .... 

1 2-9 

Cotton-seed , 

! 5-9 

Olive .... 

; 1-7 

Beech-nut . 

1 4-3 

i* 




Livache’s method is described in all textbooks with multifarious 
proofs. However, there can be no room for doubt that it is far from 
reliable ; moreover, according to circumstances it gives very variable 
results. This was pointed out as far back as 1888 by A. Cheneorier, 
whereupon Livache replied that the method only gave correct and 
comparative results by strict adherence to the instructions. 

Jean has tested Livache’s method with fish oils in dry air under 
a bell jar with HjjS 04 , following results 
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Oil. 

Increase in 
Weight, 
per Cent. 

Oil. 

Increase in 
Weight, 
per Cent. 

Whale .... 

8*26 

Menhaden . 

5-45 

Japanese fish 

8-19 

Sperm .... 

1-63 

Cod-liver 

6*38 




Lippert found for linseed, by Livache’s method, higher oxygen 
numbers than given by Livache himself, viz. for fresh raw oil 17 to 
18, in one case 19, for aged oil 15 to 16. 

Weger tested Livache’s method against the same oil on a glass 
slab by itself, and also on a glass slab with both red lead and litharge 
as driers respectively. He found that the amount of lead in Livache’s 
method must be increased in order to get a sharp maximum. 


Oils. 

Increase in 
Weight, 
per Cent. 

Insoluble 
Fatty Acids. 

Soluble 
Fatty Acids. 

Final State of the Sample after 


After 1 
Year. 

After 2 
Yejirs. 

After! 

Year. 

After 2 
Years. 

After 1 
Year. 

After 2 
Years. 


Drying— 

Jjinseed 

10-3 

7*0 

44*3 

38-2 

40*9 

60-2 

At first dry, becomes slightly 

Walnut 

9*4 

7-G 

44-3 

45*4 

40*9 

j viscous. 

37 ’G At first dry, becomes slightly 

Poppy- seed 

8-0 

5-3 

51-4 

44*4 

33-0 

42-3 

viscous. 

At first dry, liquifies perceptibly. 

Cotton-seed 

6-3 

4-5 

61-7 

57-6 

30-<) 

31-9 

>t >* >» 

Beech 

G-1 

5*0 

G4-4 

55-2 

25-6 

39-1 

„ „ sticks to the finger. 

Non-drying— 








Colza . 

6*0 

5-3 

76*7 

69-1 

25*6 

26*1 

Solidified, transparent, sticks to 

Sesamum . 

5-2 

4-8 

76-8 

68-7 

22-2 

25*0 

the finger. 

Solidified, transparent, sticks to 

Earth-nut . 

5-7 

5-G 

72*5 

6G-G 

24-5 

29*7 

the finger. 

Very thick, but remains viscous. 

Bape-seed . 

6-8 

5-4 

77 '2 

75-8 

15-6 

19*4 

Solidified, transparent, sticks to 

Olive . 

5-3 

5-7 

73-1 

66*2 

15-6 

28*9 

the finger. 

Very thick, but remains viscourf. 


Conclusions. — A. The oxygen acting on the drying oils, trans- 
forming them rapidly into solid products, or on the non-drying oils, 
slowly turning them rancid, converts a part of the insoluble fatty 
acids into soluble acids. In the course of time this transformation, 
of which the extent is proportional to the drying capacity of the 
particular oil, increases in a continuous way, and the fatty acids after 
oxidation are changed into homologous acids of lower atomic weight. 

B. After two years non-drying oils approached very perceptibly ' 
the appearance and composition of drying oils after a single year. 
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This action is relatively slow under the conditions of the preceding 
experiments, but the same result would probably be obtained more 
rapidly if the non-drying oils were placed under conditions in which 
they could absorb oxygen more rapidly. In certain cases these oils 
are then converted into solid products. 

Bishop's Silica and Rosinate of Manganese Test. — 1. Ten grammes 
of oil are weighed in a capsule, and 2 grammes exactly of manganese 
rosinate added. The capsule is put into the water-bath, stirring it 
from time to time until the complete solution of the rosinate, from 
5 to 10 minutes being sufficient for this. It is then cooled. 

2. One gramme of silica is weighed in a flat-bottom capsule with 
a little glass stirrer. By aid of a dropping tube, a quantity of oil, as 
near as possible approaching 1-02 grammes (i.e. 1 gramme of oil 
plus 0’02 of rosinate), is let fall drop by drop over the whole surface. 
Both the weight of oil and total weight are noted. The oil is mixed 
with the silica by the stirrer, so as to have a divided mass, perfectly 
homogeneous, covering the whole bottom of the capsule. This is left at 
17° to 25° C. in the case of drying oils, at 20“ to 30° C. for non-drying, 
and weighed after varying periods ; e.g. 6 hours, 16 hours, 22 hours, 
i.e. 3 times in 24 hours. After each weighing the surface is 
renewed by agitation with the stirrer. The degree of oxidation is 
furnished by the maximum increase multiplied by 100 when r02 
grammes weighed exactly is used. Using pure linseed oil and the 
same oil with 2 and 4 per cent, of rosinate the following were the re- 
sults. The linseed oil had a specific gravity of 0*0322 at 15° C., and 
the temperature ranged throughout from 20° to 25° C. : — 


Increase per Cent, 
at the end ot 

No Drier 
Added. 

2 j)er Cent, of 
Rosinate Added. 

4 per Cent, of 
Rosinate Addwl. 

6 hours 

0 

12-85 

11-10 

22 „ 

0-50 

15-65 

15-50 

24 „ 

0’80 

15-85 

15-80 

30 „ 

2-50 

16-25 

15-30 

48 „ 

7-30 

15-65 

14-90 

72 „ 

15*00 

14-65 

14-10 

96 „ 1 

16-40 

15-15 

13-60 

120 „ 

15-30 

14-05 

13-20 

144 „ 

, 14-90 

13-75 

13-20 

168 „ 

• > 14-30 

13-35 

13-20 

288 „ 

14-00 

18-25 

13-10 


These experiments decisively showed the energetic action of man- 
ganese rosinate as drier, as this salt produced the total oxidation of 
the oil 3 or 4 times as quickly as in operating with simply divided oil. 
It also confirms th§ conclusions of Gloez and Mulder, Bauer, 
Hazura and Livache on the formation not only of solid products but 
also of volatile products. If the oxidation is too strong, as when 4 
per cent, of rosinate was added, a final result is obtained very much 
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more quickly and at the same time a feebler absorption, this being 
explained by the formation of a higher proportion of volatile products. 
In the experiments that follow, therefore, 2 per cent, of rosinate was 
used : — 

TABLE SHOWING THE EFFECT ON DRYING OF FILMS OF LINSEED 
OIL TREATED WITH 2 PER CENT. OF ROSINATE OF MANGANESE. 


Increase ])er Cent, at 
tlie End of 

J*ure Linseed Oil. 
Specilic Gravity 0*9322. 
Temperature 17*^ to 23^* C. 

liinseed Oil ('ontaining .5 
])er Cent, of Rnsin Oil 
and 5 per Cent, of 
JVlineral Oil. 

Specific Gravity 0*9323. 
I'eniperaturc 17“ to 23® C. 

G hours 

]3-rj0 

11*50 

22 ., 

lG-30 j 

14*80 

24 ,. 

1G*40 ' 

14*90 

30 „ 

lG-20 i 

14*80 

48 „ 

15*90 

14 GO 

120 „ 

14*80 

13*80 


The influence of temperature is very great, and it is well with 
linseed oils not to exceed 28° C., but above 17° C., so as to effect the 
oxidation as quickly as possible. The experiments showed also the 
inferiority of exotic linseed oils of a low specific gravity, and also 
showed that it is possible to establish by comparison the inferior 
quality due to clever adulteration. 

TABLE SHOWING THE OXYGEN ABSORBED ON DRYING OF FILMS 
OP VARIOUS OILS TREATED WITH ROSINATE OF MANGANESE. 


Oils. 

Specific 

Gravity, 

Average Degree 
of Maximum 
Oxidation. 

Ratio 

17;^ 

X 

French linseed .... 

0*9327 

17*05 


Linseed from La Plata 

0*9304 

15*20 

1*12 

Hemp-seed 

0*9287 

14*40 

1*18 

French poppy-seed . 

0*924 

14*20 

1*20 

Commercial walnut . 

0*924 

9*70 

1-23 

Demargarinated cotton-seed 

0*923 

, 8*46 

1*80 

Non-demargarinated cotton-secd 

0*924 

8*G0 

1*98 

Senegal sosamum 

0*9215 

8*70 

1*96 

Indian „ ... 

0*921 

7*40 

2*30 

African earth-nut 

0*916 

G70 

2*64 

White „ ... 

0*916‘ 

6*50 

2*62 

French colza .... 

0*9142 

6*40 

2*66 

Indian „ .... 

0*9137 

5*85 

2*91 

Olive 

0*9155 

5*30 

3*21 


» 

Bishop claimed that the degree of oxidation can therefore be used 
to control the iodine number, and that in many circumstances it was 
even capable of replacing it. In fact, he adds, in addition to its great 
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simplicity and the minimum cost of carrying it out, which makes it . 
a very practical method for the industrial laboratory, this method fur- 
nishes very often a more rational and more complete indication than , 
the Hull number, as it permits many minor interesting details to be 
noticed. In consequence, this process serves to fix the value and 
establish the nature of the identity of an oil, whether taken separately 
or compared with a type. Moreover, it may he applied in the case 
of certain mixtures, not only of oils among themselves, but also of 
commercial products, such as lard and alimentary fats, which often 
contain very variable quantities of vegetable oils. In this last case, 
instead of oxidising directly either the melted and clarified fat or the 
fluid part extracted by pressure, the liquid fatty acids may be operated 
upon, separated from the solid acids by Halphen’s process. The oil is 
■saponified, the soap dissolved in water, and precipitated with acetate 
of lead. The lead soap is extracted with ether, and the ethereal 
solution of the lead salts of the non-saturated fatty acids is precipi- 
tated with weak sulphuric acid. Indications still more interesting 
and mere precise are obtained by taking the iodine value before and 
after oxidation. The determination of the degree of oxidation gives 
results in immediate connection with the value of the oils for certain 
of their industrial purposes, and, as has been shown, certain falsifica- 
tions can be detected by the process. Moreover, it will show whether 
recently crushed or old tanked oil is being dealt with. 


TABLE •SHOWING WEGEH’S EXPERIMENTS IN DRYING LINSEED 
OIL FILMS BY LIVAGHE’S METHOD, AND ALSO AS MADE INTO 
PAINTS WITH LITHARGE AND RED LEAD REST’ECTIVELY. 


By Livache’s Method. 
Increase in Weight. 

T, „ Increase 

1 per Cent. 

i 

Tlie same Oil 
Spread on a 
Glass Slab. 

Red Lead IVunt Film. 
Tlie same Oil with G*6 
Grammes of Red Lead 
to 0*3188 Gramme 
ol Linseed Oil. 

T. Increase 

rtCelit. 

j 

Litharge Paint Film. 
The same Oil with 10*4 
Grammes of Liiharge 
to 0*4910 Gramme 
of Linseed Oil. 

I 

Tv 1 lncTua.se 

p^rCeut. 

1 

1 

11*4 

Gave a 

1 ; 

2*10 

1 

2*00 

2 1 

12*2 


i 


i 


3 ' 

12-4 

Maximum of 

2 ; 

11*30 

2 

11*30 , 

4 1 

12-6 


i 




6 



17-1 

1 

14*14 

3 

13*64 

6 

12-9 






7 



on a 

4 ; 

14*65 

4 

14*32 

8 

13-5 






16 

14-8 

Glass Slab in 

5 1 

14*59 

5 

14*27 

42 

17-2 


j 




63 

18-1 

6 to 6 Days. 

7 1 

14*05 

7 

14*21 

85 

20*4 


_i 


i 
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Weger found the following oxygen absorption addition figures : — 

TABLE SHOWING WEGER’S EXPERIMENTS IN TESTING DRYING 
OF RAW AND BOILED OIL FILMS WITH THEIR OXYGEN 
ABSORPTION FIGURES. 


Oil. 

Days. 

Maximum 
Increase, 
per Cent. 

Oil. 

Days. 

Maximum 
Increase, 
per Cent. 

Rape-seed 

7 

7-6 

Electro boiled 

li-2 

15-1-16-7 

Olive 

20 

5*2 

Commercial boiled 



Pine-seed 

29 

10-5 

(Hydrated oxide 



Palm kernel . 

13 

0*8 

of manganese) . 

1-2 

14-7-14-8 

Air-blown rape 

15 

7-7 

Commercial boiled 



Hemp . 

4-4^ 

13-4-13-C 

(litharge) . 

16-24 

14-61-14-8 

Poppy- seed . 


13-4 


hours 


Wood (various) 

3-9 

13-4-15-9 

Boiled linseed pre- 



Indian linseed 

4i-0 

lG-8-17-3 

pared with 3 per 



Commercial lin- 



cent, of rosinate 



seed 

4^-8 

17-18-7 

of manganese in 



English linseed 


19-7-19-9 

the cold 

24hrs. 

14-7-16 

Old tanked linseed 

3 

15-1-15-7 




Indian linseed 



Boiled linseed pre- 



(heated for a short 



pared with 3 per 



time at 160° C.) . 

C 

17-0 

cent, of lead man- 



Indian linseed 



ganese rosinate in 



blown (cold) 

8 

16-7 

the cold 

— 

17-2 

Indian linseed 



The same after 18 



blown (hot) . 

5i-C.i 

8-2-9-3 

months’ exposure 



Stand . 

18 

IM 

to the air 

— 

10-9 

Thickened 

18 

10-7 

Boiled rosin oil 

n 

23-3 


Weger thus found Livache’s method defective. The lead powder 
increased in weight of itself, therefore this method is unreliable. 
Moreover, the amount of lead powder prescribed by Livache — ten 
times the quantity of drier to oil — must be taken ; hence 0-2 gramme 
of oil requires 2 grammes Pb. Again the method is not proof 
against atmospheric influence, and the weight is not constant for 
weeks. Yet Livache considered the reaction ended, remained con- 
^ stant once or twice. Between 2 and 20 days the increase in weight 
j^^less that 1 per cent., but the weight increases later on. The fol- 
mg table shows the oxygen numbers obtained by Weger : — 


; — 





Increase i 

’ Weight. 

English 
Linseed Oil. 

Paint 

linseed Oil. 

Indian 
Linseed Oil. 

Varnish Oil. 

1 day . 

2 days . 

10 „ . 

13-7 

11-6 

11-4 

. 12-3 

14-1 

11-9 

12-2 

13-0 

53 „ . • / 

16-0 

12-8 

13-8 

14-0 

85 „ . r 

18-9 

17-3 

18-1 

18-3 


21-3 

20-2 

20-4 

20-7 
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Weger tried to replace lead powder by other substances, litharge 
and red lead. 

TABLE SHOWING THE OXYGEN CARRYING CAPACITY OF VARIOUS 
FINELY DIVIDED SURFACES. 


Oxygen No. 

PaiiitorH* 
Liuseed Oil 
Alone. 

1 Painters’ 
Linseed Oil 
on 

Copper. 

Painters’ 
Linseed Oil 
on 

Braimstein. 

Painters' 
Linseed Oil 
on 

Sea-sand. 

1 

Flanders’ 

' Liuseetl Oil 

1 on 

Sea-sand. 

1 day 

0 

1 

9-8 

9*4 

2*3 

1-7 

2 days 

1-3 

18-0 

11-8 

1-9 

1-4 

3 „ 

0-7 

18-3 

11*1 

0-2 

0-3 


— 

17*4 1 

— 

— 

— 

... 



- - 



— 


Borries also tested lilvache’s method. He took, according to 
original instructions, 1 gramme of lead powder, for 0*2 to 0*4 
gramme of linseed oil. In 24 hours he obtained an oxygen number 
of 13'9, in 51 hours 15*5. He tested a great number of products, 

; zinc dust, chalk, borax, lead chromate, lead peroxide, oxide of iron, 
'powdered wood charcoal, coal dust. They gave almost none or a 
ivery slight increase in weight. Copper oxide after 1 day, 2*2 ; after 
.5 days, 13*5. Potassium permanganate, after 1 day, 10*4; after 2 
\ days, 11*7 ; after 5 days, 12*1. After a longer period the permangan- 
iate itself changed in weight. Barium peroxide after 24, 4B, 56, 72 
ihours, ^4, 14*2, 14*7, 14*6. Manganese borate (left in air until of 
[ constant weight), 1, 2, 4,7 days, 10*5, 11*5, 11*6, 12*3. Platinum 
[black after 1,2,4, 6,7 days, 6*3, 11*2, 13*5, 14*3, 15*0. Braiinite 
^ 1 day, 15*2 ; 2 days, 14*4. Lead powder in an atmosphere of oxygen 
gave no higher results than in air, in 56 hours 16*9, of which 1*6 
must be deducted for a blank test. Lead powder and linseed oil in 
i an atmosphere of CO 2 gave only a slight change in weight. Ozonised 
air gave a perceptible acceleration in one experiment after \ hour, 15*45 ; 
however, lead itself increased in weight. It is well known in 
Livache’s method the lead acts as a carrier of oxygen to the oil, 
whilst it is also evident that other substances do not possess this 
. property even when fiijely divided, yet the carrying of the oxygen 
of the air is in the ordinary Livache process very circumscribed, but 
better results are obtained when the air has access to the oil on » all 
sides. This principle seems first to have been recognised by A. Vogel. 
He drenched cotton-wool with olive oil, and hung the cotton-wool so 
treated in the air, and found in three months an oxygen absorption 
of 3*7. Fahrion used pieces of chamois leather, which he soaked 
with a weighed quantity of oil and hung up in the air. But the 
highly hygroscopic nature of chamois leather necessitated the de- 
termination of its moisture content and also that of the air. This 
defecl is only partially remedied by a blank experiment. The in- 
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crease in weight after 6 weeks was 11*6 per cent, for linseed oil, thus 
giving an oxygen number of similar magnitude to Muldfer’s. Again 
Mulder emphasises the defect of too thick films, and urges that only 
small amounts of oil should be used in testing. Yet freelinoleic acid 
even |in thick layers, gives higher numbers. In a porcelain basin, 
tared with a glass rod, 3 grammes of cotton- wool were soaked with 
9 gi'ammes linoleic acid, and with occasional turning over, left in the 
air. The maximum increase in weight, in 8 days was 13-3 per 
cent. Steenberg used filter paper to subdivide the oil ; 0-9 gramme 
of boiled oil were distributed over a piece 13 cm. long and 11 cm. 
broad, say 6 to 7 milligrammes per square cm. ; the paper was rolled 
up and left in a test glass on foot, protected from dust under a large 
cork- stoppered beaker glass. The increase in weight was determined 
daily. Steenberg made no experiments with pure raw oil. In his 
boiled oil research, extending over a week, he found oxygen numbers 
of over 18. However, in a test with linoleic acid separated from 
soap, therefore partly oxidised, there were found after 1 day, 0 ; after 
3 days, 13*2 ; and after 5 days, 15*7 per cent, increase in weight. It 
is not to be denied that the above method does not meet the practical 
requirements, where linseed oil is mixed with pigments in a thin 
layer spread over a surface, and under the influence of the oxygen of 
the air hardens only on one side. 

This method of working was correctly known as plate tests, and 
their chief fault, according to Mulder, was that the film was too thick, 
yet no one tried to use Mulder’s method with thinner films. Experi- 
ments in this direction were begun by Weger in 1897, but were held 
over by a publication of Weger. The latter used tin plates, 18 centi- 
metres long by 10 centimetres broad, weighing 56 grammes. More- 
over, 1 centimetre round the plate was left free, the remaining surface 
was coated with oil, and the plate with oil-free border placed at an 
angle of 30° for about 10 minutes. The excess of oil collecting at the 
bottom is removed by bibulous paper and the border carefully cleaned. 
Then the plate with the oil-free border is placed on the balance and 
rapidly weighed. The oil, which has been previously removed from 
the other side, may during weighing flow back ; absolute uniformity 
of the oil film is never attainable. The plate must be carefully 
cleaned for the test. It must be free from dust, to prevent flaws in 
the coat, and cracking. The tin plate method requires a room with 
a uniform temperature, and the plate is protected from dust in a 
glass case with ventilation holes. The gross weight of the plate is 
doubtful, so it must be weighed very exactly. On this account, 
Weger selected aluminium plates. They had the benefit of aluminium 
veighing but little, 3*5 to 5 grammes, but losing greatly on washing 
'^‘‘lye. Finally, Lippert chose glass plates only 2 millimetres 
‘Jiict ai 2-5 to 3*5 grammes in weight. He reckoned that the 
oxygen numbei^^^® influenced by temperature and other circum- 
stances, and that comparative tests. The 
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chief critical point is, finally, the moment of the greatest increase in 
weight. This moment is generally termed the drying-point. Lippert 
made many tests on boiled oil and obtained oxygen numbers up to 
19. If these tests are interesting the fact remains that the lower 
layer was uninfluenced. But these were much thinner. Mulder 
prescribed 0*7 and 1*2 per sq. centimetre. Lippert, in his last re- 
search, used pure raw linseed oil, which gave the following oxygen 
numbers :~ 


1 day .... 

0 

2 days .... 

0-5 

*> .... 

4 „ .... 

. . . . . . I’.S 

M) 

5 ,, .... 

12-0 dry 

(5 

14-4 

7 

15-4 

H 

. 15-4 


After 8 days the weight decreased. In this test the drying-point 
occurred long before the maximum increase in weight. Weger used 
plates. He attained greater orientation in his experiments and also 
found greater increase. A paint oil on a glass plate gave the follow- 
ing increases : — 


Atv’cr 24 hours 
„ 8 days 


5 

7 

9 


Per Cent. 

. 7-0 

. 14-9 
. 19‘0 dry 
. 20‘G 
. 20-6 


Weger tried to replace glass slabs by lighter material. Gelatine,, 
paper, celluloid, hard gum, were quite unsuitable. Then sheet-metal' 
was less faulty, but the thickness of the coat was not uniform, and 
the result inaccurate. Mica plates behaved well, but were readily 
damaged. Weger therefore went back to glass plates ; their weight 
was about 25 grammes, the measurement of the coated surface was 
80 sq. centimetres, the weight 25 to 70 milligrammes, therefore 0*3 tc 
0*9, on an average 0*4 to 0*6, milligrammes per sq. centimetre. Hence 
0*1 milligramme more or less on 0*4 to 0*14 per cent, of the used oil 
speaks for itself; therefore a good balance is necessary above all 
things. Any trace of dust is to be avoided, and the plate must be 
scrupulously clean ; when it is not left long enough in the balance 
case, errors may occur in weighing, also if before weighing it be 
rubbed with a cloth. 

Temperature hastens the rapidity of drying and increases the 
weight due to oxygen absorption. The same oil in cold, cloudj 
weather gives a different increase in weight from bright warn 
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weather; the higher the temperature the less is the increase in 
weight, although more volatile matter escapes. The longer an oil 
takes to dry, the greater is the necessity to repeat the test. The 
chief difficulty rests in the fact that the correct maximum increase in 
weight has to be guessed. Sometimes it happens that the correct 
increase in weight remains constant for 12 hours or for several days. 
In other cases, a very rapid increase in weight occurs. Chemical 
equilibrium, according to Mulder, is attained by this end ; increase 
is generally never attained until the change in weight shows no 
more true increase in weight. The hard drying of the film — that 
is, the moment when it resists a strong pressure of the fingers — is, with 
the maximum weight, spoken of as the drying of the film which light 
pressure with the finger no longer affects | to 1 day earlier. By hard 
drying Weger means, however, the outer half of the film. Weger 
concluded that the average oxygen absorption number of linseed oil 
was 18 per cent., and that seems correct, as Mulder found 17‘1 and 
18-1. Weger expressed the result of the drying process graphically ; 
the time formed = the abscissae, the increase in weight, the ordinates. 
The experiment with Indian linseed oil gave 



All these curves at first form a gradual, then long continuous rapid 
rise, then a gradual maximum, a longer or shorter stay at this 
height, then a seemingly abrupt fall, and in the end a continuous 
slow fall. 

Weger found lower figures than Mulder, but at 18° filtration 
linoleic acid still contained solid fatty acids, whilst Mulder’s was 
prepared by the Warrentrapp method, or long cooling of the alcoholic 
solution freed from fatty acids. Finally, Weger subjected linoleic 
acid without treatment to oxygen absorption and thus prevented any 
partial autoxydation. 
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TABLE SHOWING THE OXYGEN ABSORPTION OF THE MIXED 
FATTY ACIDS OF LINSEED OIL. 


Oxygen Absorption. 

Commercial linoleic Acid. 

The same Linoleic, Acid 
Filtered at 18° C. from the 
Solid Reraaiuder. 

1 day 

9-6 

14*6 * 

days . 

10*9 

— 

2 „ ... 

— 

15-2 

^ 

11-5 

_ 

4 

— 

14-4 



11-9 

— 



13-0 


6 „ ... 

— 

1 16-f) 

„ ... 

14-0 

: _ 

H 

14-4 

1 _ 

8 

— 

14-4 

15 

13*4 

_ 

21 „ ... 

13*4 

— 

25 

_ 

15-6 

29 

— 

1 15-6 

48 „ ... 

1 13-6 

— 

60 „ ... 

— 

12*8 


Driers. — Weger's assertion that manganese and lead alone acted 
as driers, was extended by Meister to all metals, but especially to the 
two first, and cobalt driers after 50 years have again come into use. 
Again a certain metal content gives a maximum result, and these 
maxims, are with different metals proportional to their molecular 
weight. He tested 17 metals in that way ; the precipitated rosinate 
was prepared, and 2 per cent, of the dried preparation dissolved in 
three-months’ old La Plata oil at 150“ C. (302“ F.) and the boiled 
■oils so obtained were tested on glass slabs for their oxygen absorp- 
tion in 12 hours and time of drying. The results gave the following 
grouping : — 

TABLE SHOWING FOR THE METALS WHOSE SYMBOLS ARE GIVEN 
'IHE TIME OF DRYING IN HOURS, AND THE PERCENTAGE OF 
OXYGEN BY WEIGHT ABSORBED IN 12 HOURS BY FILMS OF 
LINSEED OIL, CONTAINING IN SOLUTION 2 PER CENT. OF THE 
RESPECTIVE METALLIC ROSINATES. 


Metal. 

Time of 
Drying, 
Hours. 

Absorption 
per Cent, 
by Weight 

Metal 

Time of 
Drying, 
Hours. 

Absorption 
per Ceui 
by Weight. 

Mn. . 

12 

17-4 

Ni 

77 

8*1 

Pb . . 

26 

9-4 

Al 

76 

4*7 

Zn . . 

80 

65 

Mg 

65 

2*8 

Ca . 

82 

6*0 

Ba 

86 

2*4 

Co . . 

86 

5*9 

Sn 

87 

2*6 

Ou . . 

46 

4-9 

Cr 

95 1 

2-0 

Fea 

60 

4*1 

Hg i 

115 1 

1-7 

Sr . . 1 

76 

2-9 

Bi j 

117 ! 

1-8 

Od . . 

76 

4-7 

Raw Oil ! 

121 1 

0*98 . 
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The results with Hg and Bi are not quite reliable, as during solu- 
tion of the mercury-rosinate a portion of the mercury was volatilised, 
and much bismuth-rosinate did not dissolve completely in the oil. 
The driers with (a) lime and (h) zinc rosinates are the most interest- 
ing, as both these bodies, first by Chevreul, and then by Mulder, and 
latterly by Weger, were denounced as driers. Attempts to use fused 
prdhipitated zinc-rosinate prove it most intractable. 

Comparaiive Increme in Wevjhi due to Oxygen Absorjdmi of 
(a) Linoleic Ac/id without a Drier, (h) with Drier . — More recently 
Fahrion made two parallel experiments, one with linoleic acid pure 
and simple, the other with linoleic acid in which a certain percentage 
of lead linoleate was dissolved, so that the lead content equalled 1 per 
cent. Pb. In two porcelain basins, tared with a glass rod, 3 grammes, 
of cotton-wool were saturated with about 9 grammes of linoleic acid, 
and allowed to stand at summer temperature. The basins were 
weighed daily at the same time, with the following results ; — 


TABLE SHOWING INCREASE IN WEIGHT DURINCi DRYING OF (a) 
LINOLEIC ACID ALONE, (/>) LINOLEIC ACID CONTAINING 1 PER 
CENT. Pb. 



Without Drier. 

With Drier. 


Grammes, 

Per Cent. 

Grammes. 

Per Cent. 

Weight of the linoleic acid . 

8-877 

— 

9-278 

— 

1 day increase in weight 

0-012 

0-1 

0-119 

, 1-3 

2 days „ „ . , 

0-048 

0-5 

0-519 

5-1 

3 M »» f> • • 

0-282 

3-2 

0-956 

10-3 

4 . • 

0-C94 

7-8 

1-233 

13*3 

5 ,, ,, ,, . • 

0-879 

9-9 

1-35G 

14-6 

6 ,, ,, t, . . 

1-006 

12-0 

1-416 

16-3 

7 ,, ,, ,, • . 

1-lGO 

13-1 

1-416 

15*3 

H „ „ M . . 

1-181 

13*3 

— 

— 

9 11 ** >» • • 

1-161 

13-1 

— 

— 


Ethylic “linoleate,” the combination of the ethylic esters of the 
fatty acids of linseed oil, prepared by partial saponification, was 
tested for its oxygen absorption, using aluminium plates. The fol- 
lowing results were obtained : — 

TABLE SHOWING COMPARISON OF OXYGEN ABSORPTION OP LIN- 
SEED OIL AND OF ETHYL LINOLEATE MADE THEREFROM. 


Oxygen Number. 

Linseed Oil. 

Ethyl linpleate. 

After 1 day . 

0-8 

2-0 

„ 2 days . 

2-7 

3-7 

„ 3 

7-6 

6-2 

„ 4 „ . . . 

13-6 

9-0 

„ 5 

16-8 

10-8 

„ 6 „ . . . 

16-65 

12-4 

„ 7 „ . 

Decrease 

18-6 

„ 8 . . . 

— 

13-6 

„ 9 „ . . , 

— 

Decrease 
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As a sequel to Borries’ work, Genthe started a series of researches 
to estimate the true oxygen number. Discarding plate tests, he 
always used a known thickness of film. In spite of this Genthe 
never appears to have differentiated between the ti’ue and the ap- 
parent oxygen number. His experiment was as follows ; A piece of 
filter paper 10 centimetres wide, 30 centimetres long, was folded 
and bound together by glass and india-rubber bands. The diffusing 
distributor so obtained was coated with linseed oil, 0'300 gramme, 
therefore 1 milligram per sq. centimetre, and laid in a fiask of 1200 
cubic centimetres capacity with aluminium hydrate, hung from hook 
attached to the stopper. The volatile decomposition products were 
absorbed by solid KHO or by asbestos-divided caustic potash lye. 
A monometer passed through the perforated stop])er and paraffin oil 
used as indicating fluid. In a second fiask a blank experiment, 
was conducted without paraffin oil. The reaction was re])resented 



gi'aphically, the time as abscissa;, and the cubic centimetre of paraffin 
oil as ordinates. The curves assumed the S form. At the close of 
the l eaction there was always a long but uniform oxygen absorption, 
then the curve finally passes into a straight line. Instead of air, 
oxygen was used, so that the reaction was hastened only to a 
small extent. By covering the flask, in broad daylight, with black 
paper, the reaction first started in 18 to 20 days, and ended in 50 
days. • 

A similar experiment was made without using potash and gave a 
corresponding result, only the ordinates were 10 per cent, smaller. • It 
must not be forgotten, therefore, that the true oxygen number is 
only 10 per cent, higher than the apparent. Of the substances, 
volatile at the ordinary temperature, only COg entered into Genthe’s 
experimental results, and many of these, in Mulder’s experiments, 
formed one-fifth to one-sixth of the total volatile substances. 

In broad daylight the reaction sets in well by the second day 
and lasts 8 to 10 days, sometimes more; under the circumstance 
of the experiment 3 to 7 days ; readings were taken morning and 

18 
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evening, the small oxygen number during the night is shown in 
Fig. 78. 

The different natural illumination of different days gave different 



Fig. 78. Fig. 79. 


results. Genthe chose artificial light, the light of the mercury vapour 
lamp, which consists chiefly of blue-violet and ultra-violet rays. It 
accelerates the reaction greatly. The two curves A and B shown, Fig. 



79, represent two experiments 
with 0’3 gramme linseed oil 
and 250 c.c. oxygen. Drying 
occurred in 24 hours, and 
omission of KHO from later 
experiment did not affect 
second result, whilst the action 
of the latter at higher tempera- 
tures was to be seen. This 
gives the result at 95” in Uviol 
light, A in oxygen with KHO, 
B in air with KHO, and C in air 
without KHO ; Fig. 80, gener- 
ally the reaction through the 
increasing of the temperature 
was strongly accelerated, that 
the absorption in pure oxygen 
is considerably higher than in 
air. Whilst curves in the first 
80 minutes are about equal, C 


Fig. 80. 


^ from thence onwards proceed] 


in a horizontal line, whilst th< 
^ constant. This shows that from that point mud 

A htful ’wf'f'Qr is given off, also oxygen absorbed, and finally it ii 
thther in the above results no volatile matter was formed 
umber eai irves a direct comparison with the apparent oxygei 
^ writers cannot be made, so that Genthe from thi 


0 .. . / 
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volume of the oxygen absorbed has calculated the weight of the latter. 
He found on an average for the true oxygen number-— 


In diffused daylight ......... 22*6 

In Uviol light at ordinary temperature 26-8 

„ at 95° air 2G'5 

„ at96°0 34-7 


It has been seen that Weger calculated the figure as 43*7, and in 
ordinary light found the apparent oxygen number as 18, nor was 
25 per cent, over-estimated. Genthe himself notices the great 
difference and that the oxygen numbers of linseed oils are strictly 
comparative matters. It becomes necessaiy, therefore, to show how 
the operation is conducted and how the course of the S curve receives 
the straight line of the combustion curve. Genthe’s Uviol experiments 
are approached by Weger’s. In these three experiments the filtering 
substance and the caustic potash as a solution in asbestos in small 
basins intervened. 


1 

I. 

II. 

III. 

lucreased weight of liuseed oil . . . 

0'05n 

0*051 

0*055 

„ „ KHO 

0*048 

0*038 

0*042 

Total 

0*101 ■ 

■ O'bSO ' 

0*097' 

Weight of the oxygeu calculated from the volume 

• 

0*099 

0*090 

0*093 


The agreement between the two first experiments is very good 
and shows the proper working of the Genthe tests. As during the 
former tests O' 300 gramme of linseed oil was taken, this fact comes 
out strongly in the oxygen numbers of the tests. 

Comparison of the first series of apparent oxygen numbers with 
those of the third series where the oxygen number was calculated 
from' the 

I. II. m. 

Apparent oxygen number .... 17*7 17*0 18’3 
True „ 93'7 29*7 82-3 

The agreement of the apparent 0 number with the average Weger 
•number 18 is quite satisfactory, and the true 0 number make^ it 
evident that Weger’s calculated value is too high. However, Genthe’s 
results do not coincide with practice, as in the last case the atmo- 
spheric pressure varies, whilst in Genthe’s experiments the pressure 
remains constant. 

Ozom Absorption of Oils , — As a sequel to the oxygen absorption 
the ozone absorption of oils may be briefly described. Air containing 
pzone acts on linseed oil. Genthe also found the presence of ozone 
in his* researches. 

> The Ozone Value of Linseed Oii.— -Borries passed ozonised air 
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through a glass tube over a film of linseed oil and lead in powder and 
found the maximum increase in weight to be 14 per cent. However, 
Molinare and Soncini found a greater increase in weight, viz. 30 per 
cent., as the result of passing o> 5 onised air into linseed oil direct. On 
condition that all the double links were saturated by the ozone molecule, 
they calculated for the iodine value of 171 the ozone value of the same 
linseed oil as 32-3. G, Fenaroli estimates the ozone value of linseed 
oil thus : He dissolves the oil in petroleum ether and transfers the 
solution into a Liebig’s potash bulb, and then passes a stream of 
ozonised air or oxygen at the rate of 180 bubbles per minute at a 
temperature not exceeding 40° C. until saturated. In this way he 
found the ozone value of 34. Harries suggested 0^ instead of O 3 , 
and the formation of a double bond. On the other hand, the energetic 
oxidation of ozone cannot very well be accepted, as no volatile pro- 
ducts are formed in the reaction in question, and there is nothing to 
show that the ozone is not absorbed as ordinaiy oxygen. On this 
point only the analysis of the ozonides and the oxyacids can throw 
any light. 

The Chemistry of the Jteactions that Occur Durimj the Dryiny of 
Linseed Oil. — Mulder’s work long remained practically unknown. 

Lino.rin. — It was known that dried oil did not melt on heating, but 
charred, that it was then only very partially soluble in ether (15 per 
cent, Schubarth), and that it dissolved in caustic potash lye. Mulder 
examined the subject by the aid of coatings on tin plates or on glass 
plates ; after being left 3 to 4 months in the air, the dried skin was 
exhausted with ether which dissolved out the under layer. 

Action of Solvents on Llnoxin. Properties of Linoxin — It was 
thereafter, treated with ether, alcohol, and water, and the residue, 
termed linoxin by Mulder, was dried over H^SO^. Mulder obtained 
linoxin as a solid white amorphous mass, more or less elastic like 
leather or gutta-percha, heavier, and insoluble in water, alcohol, and 
ether. It is also insoluble in chloroform and cai’bon disulphide, 
but swells greatly therein. On digestion with a mixture of alcohol 
and chloroform it passes into solution. In turps it becomes resinous, 
but does not dissolve. In caustic potash it dissolves with a red colour. 
In ammonia it dissolves on long boiling. 

Action of Heat on Linoxin. Liberation of Acrolein. — On heating 
it ig coloured red and gives off a piercing odour of acrolein, which is 
due to the combustion of the free linoleic acid, and is not produced 
from the glycerine. The combustion of linoxin (Mulder) gave the 
formula as CaoHj^^Ou, and on the dry distillation of linseed oil 
linoleic acid anhydride, CggHr^^Og, was obtained, so he regarded 
linoxin as the oxidation product of the anhydride of linoleic acid. 
, He assumed that the dried oil (a) first split off the total glycerine, 
( 6 ) that the solid fatty acids, and (c) the oleic acid remained un- 
\ changed, and were dissolved during the treatment of the dried film of 
^ij^with ether. About 20 per cent, so dissolves. Finally the linoleic 

Nabw- 
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acid gave off water and then absorbed oxygen. The results of the 
following experiment by Mulder confirmed his belief and the sound- 
ness of his views : — 

Lead Linoleate. Its (^miposltion and Properties . — He placed an 
ethereal solution of lead linoleate on a glass plate ; on spontaneous 
evaporation of the ether a white film was obtained, becoming trans- 
parent in a few hours, and drying hard in a day. So as to weigh 
them the films were removed from the glass and dried over H^jSO^. 
Analysis gave (Ci,Ido;P-) J^b. The free linoxic acid, or 

is differentiated from linoxin only by 1 molecule of water. 
In another experiment lead linoxate was exhausted with ether, 10 per 
cent, dissolved (lead oleate in Mulder’s opinion). The combustion of 
the insoluble lead salts gave for the corresponding acid 
which Mulder described as the anhydride of linoxic acid. 

Linoxic Acid . — Free linoxic acid was prepared from the above 
lead salts by decomposing the salt suspended in alcohol b) 
filtering and precipitating with water as a ])ure white substance, 
which chaligos to a colourless resinous mass. The acid can, in no 
circumstances, be crystallised; on heating it becomes blood-red. On 
treatment with aqueous KHO or NaHO, the red coloration appears 
in the cold in white “linoxic acid,” also dissolves in ammonia, and 
this solution becomes slightly coloured on boiling. The lime salt is 
insoluble in water and melts under 100' Cl. The magnesium salt 
readily dissolves in cold alcohol. The red pi'oduct was, by Mulder, 
distingi^ished from the white as red linoxic acid. 

White Linoxic Acid . — Another linoxic acid was obtained by the 
autoxidation of free linoleic acid exposed on glass plates for the air to 
act on it, until it showed no further increase in weight. The oxidation 
product was colourless, transparent, tacky, resinous. The oxygen 
absorption number was 17'5 to 19-7. Combustion gave = 

Cy.JI-,;Op,. Mulder believed he had obtained a hydrate of white 
linoxic acid. Fi’om the formula he calculated the oxygen absorption 
number of 25-4, from which, deducting for oleic acid, the numbers 
found became 22'6, which he accounted for by a slight oxidation. 

lied Linoxic Acid . — Mulder states that the above acid loses 6 per 
cent, of water, on the water-bath becoming blood-red. The combus- 
tion of the red linoxic *acid so obtained gave On heating 

at 110“ C. this acid gave no water, but on boiling lead linoxate with 
dilute HCl, red linoxic acid is obtained of the formula C 2 ,HriP 9 , 
solid at the ordinary temperature, but soft and readily fusible, in- 
soluble in water, soluble in alcohol and ether, with a red colour and 
an acid reaction. Mulder sought for a red linoxic acid which he 
could further examine, and thought he obtained it thus. It was 
spread on glass in a thin layer, and after frequent treatment with 
ether placed in the open air 19 days. It was nearly colourless, and 
gained 6 per cent, in weight, that is about as much as the white 
linoxic acid lost in the water-bath. 
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Bed Linoxic Acid from Linoxin. — Finally, Mulder, and that wafi 
the corner-stone of his theory, obtained red linoxic acid from linoxin, 
He dissolved linoxin in KHO, precipitated the solution by HCl, dis- 
solved the precipitate in alcohol, and dried the residue by evaporation 
at 100° C. Combustion gave Mulder thought that the 

linoxin, under the action of KHO, eliminated water, changing without 
bye-products into red linoxic acid. He therefore decomposed the 
solution in KHO by dilute Hj^SO^, and distilled the filtrate from a 
retort. The distillate contained only traces of acids, the contents of 
the retort separated on concentration into red flocks of linoxic acid, 
leaving on evaporation only KjSO^. 

M^dder Overlooked the Glycerine now Known to be Present in 
Linoxin. — Mulder here overlooked the glycerine which linoxin con- 
tains in considerable amount, and which, in this case, must at least 
partially distil. We know how impossible it is to recognise that 
an anhydrous body such as linoxin could split up on treatment with 
aqueous potash, the contrary is more likely. The conclusion of 
Mulder’s theory is the presumption that white linoxic acid changes 
to linoxin. It is to be observed that the former is tacky and oleo- 
resinous at first ; when it has been months in the air it dries com- 
pletely, and, according to Mulder, it passes by elimination of water 
into linoxin. 

Collectively Mulder believed he had handled not only linoleic acid 
but also the following derivatives therefrom : — 

Linoleic acid ^ 

Linoleic acid anhydride CggH^jO., 

Red linoxic acid I. CjgHjoOp 

M „ II. CjgHggOfl = CgjH^gOlQ 
White linoxic acid — CggHjiijOig 

Linoxin CggHjjOji 

The white and the red linoxic acid have the same composition, but 
a different constitution. To explain the different proportions of water 
such often occurs with resin acids, and above all things, it is not 
evident that an amorphous acid can contain water in various stochio- 
metric proportions. In reality, Mulder’s formula is incorrect, and the 
above substances are mixtures pure and simple. 

Mulder's Theory of the Splitting’Off of Glycerine being the first 
State in the Drying Process. — Mulder concluded that the first phase 
of the drying process is the splitting-off of glycerine. Dried linseed 
oil was shaken up with ether, 21-1 per cent, dissolved, of which O’S 
per cent, dissolved in water. The substance was amorphous, acid, 
and non-volatile. It gave a soluble lead and barium salt, and reduced. 
Fehling’s solution when warmed. Mulder regarded it as glyceric acid 

CHgOH . CH OH . COOH 

but states that its quantity was small for such an experiment. i*The. 
^ater-insoluble residue was pure white, at the ordinary temperature 
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semifluid, partially soluble in cold alcohol, completely so when hot, 
also in aqueous soda. Solid fatty acids crystallise out of the alcoholic 
solution on cooling. In the air the above residue did not dry, with 
KHO did not turn red, proving the absence of linoleic acid. The lead 
salt was partially soluble in ether. Oleic acid from the decomposition 
gave pure white fatty acids crystallisable from alcohol. 

Glycerine first Split-off from Oleic Acid (Mulder s Theory ). — 
Mulder believed from the following experiment that the splitting-off 
of glycerine begins with the linoleic acid, whilst the oleic acid and the 
solid fatty acids are liberated later. Linseed oil was left on glass 
plates only long enough for a skin to begin forming. The partially 
oxidised linseed oil was shaken up with ether, the residue on evapora- 
tion was completely insoluble in aqueous soda, whilst the oleic acid 
and the solid fatty acids abounded in glycerine. 

Acrylic Acid. — With warm water the above residue left a product 
volatile in steam, reducing Fehling’s solution which Mulder described 
as acrylic acid, CH^ . CH . COOH. 

Glyceric Acid. — In the distilling flask it left a small quantity of an 
uncry stallisable acid, probably glyceric acid. On the basis of his 
experiments Mulder concluded that during the process of drying 
■undergone by linseed oil the following changes occurred : — 

1. The Oxidation Products of the Tjiberated Glycerine. Glycerk: 
and Acrylic Acids. — First of all the glycerine is split off and oxidised 
first into glyceric and acrylic acid, and later on, into acetic, formic, and 
carbonic acids. 

2. Partial Oxidation of the Free Oleic Acid^ Palmitic and MyrUtic 
Acids Inert. — The free oleic acid is oxidised to a small extent, whilst 
the palmitic and myristic acids remain completely unchanged, and 
partially render the linoxin softer and greasier. 

3. The Elimination of Water and Absorption of Oxygen by Free 
Linoleic Acid. — Lastly, the free linoleic acid splits off water, and 
absorbs oxygen. 

The Glycerine Content of Linseed Oil. Glycerine Best. — This 
theory agrees at the point where it intersects Mulder s oxygen 
absorption number of ll’l. He gave the glycerine content of 
linseed oil, CgHgOs, as 8*2 per cent., of which 80 per cent.'existed 
as linoleic triglyceride.* The linoleic acid was therefore made out 
to be 76 per cent. Now taking the passage of the linoleic acid 
anhydride, C3.2H54O4, into linoxin, C8.2H,r,40ii, the true oxygen ab- 
sorption of 26*3, say for 76 per cent. 20. Deduct from that the 
loss of glycerine 8*2 per cent., and we get the oxygen number of 
11*8. At the present day the calculation contains two errors, one 
with the glycerine residue, CgH;.,, of 4*8 per cent„ the other concern*! 
the water of hydration, for which 3*6 should be deducted. 

The Final Stage of the Oxidation of Linseed Oil and Consequent 
Disctppearance of Film. — On the completion of the above-described? 
oxidation process (as described by Mulder) a period of chemical ifest 
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ensues, whence the oxidation passes into its second stage, not in- 
vestigated by Muldei*. He imagines it, however, to proceed thus. 
The oleic, palmitic, and myristic acids are oxidised to volatile sub- 
stances and the remaining coat breaks up. Lastly the linoxin fol- 
lows suit, and is completely volatilised by oxidation and the film 
vanishes complete!}. 

Batim' and Ilataras licsearchps Modifij Mulder s Theories . — 
Muldej-’s theories remained unchallenged for 20 years, until revised 
by VoTi Bauer and Hazura on the basis of their work on linseed oil 
fatty acids, and by the aid of the methods of fat analysis described 
meanwhile. They then made the following general remarks 

The drying of oils consists in the absorption of oxygen and of all 
liquid oils, only the fluid fatty acids of oleic acid are non-drying, so 
it may be stated that the more slowly an oil dries the more oleic acid 
it contains, finally it is obvious that linolenic and isolinolenic acids, 
wdiich contain six Iree valencies will absorb more oxygen 
than linoleic acid with only tour valencies. An oil wdll dry better 
therefore the more th(i acid predominates. Finally an oil 

will naturally dry more slowdy the more saturated fatty acids it con- 
tains. Tt is found in actual practice that an oil dries better the 
highei’ its iodine value. The experimental testing to confirm 
Muldei'’s researches provided the following information — that the red 
iinoxic acid, prepared from Mulder’s lead linoxate, has still an iodine 
ralue of (il‘4 and is in nowise the end-product of the autoxidation. 
Through free linoleic acid, separated by Warreiitrapp’s me<ihod, a 
strong current of air w'as passed. It became a very thick fluid s^idl 
show'ing the iodine number of 88’5. The oxidised oil w'as acotylated. 
It gave the acetyl No. of IHlIi. The oxidised oil was finally exposed 
to the air in a thin layer at 40^ C. for 3 w’eeks. It was still tacky. 
The experiment w^as carried on at 80“ G. for a w'eek. The linoleic acid 
was by this time completely solid and no longer soluble in ether. 
However, it dissolved readily in KHO, and the solution gave, with 
IIj,SO^ a yellow precipitate, which readily dissolved in ether. From 
ihe above experiments the following conclusions were drawm : — 

1. The Oxidation of Dryiufj Oils docs not Consist hi Sataratimj 
he Free Valencies hy Oxyyen, hut Oxyyen is Inteiyolated Between 
and H, o,nd the Oxidation Product so formed which Contains 
'he filcohoUc OH Groui), — Hence Mulder in his white Iinoxic acid 
bund a minimum of (il per cent. C, so it is to be presumed that the 
)xidation of linolenic acid proceeds so that, fii st, ttiree oxygen atoms, of 
he three double bonds, are unsaturated and that then two oxygen atoms 
^re absorbed ; for a pentaoxy linolenic acid, Cj^Hg^O-, 60*4 per cent. 
j is calculated. Betw^een the oxidation of the dried oil acids and 
heir salts there is no demarcation. The above-described behaviour 
linoleic acid, during drying, can only be explained by the forma- 
ion of anhydrides ; what shape this formation of anhydrides takes 
tannot be determined preliminary. Hence, oleic acid by the action 
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o|l air leaves no solid oxidation products, so it may be taken that 
ip the drying process only linoleic acid, and linolenic acid, 

take part. Further, Bauer and Hazura do not believe that 
it gives a red linoxic acid, resulting from the molecular aggrega- 
Uon of the white, but that by the action of alkalies or high tem- 
t)eratures, a small quantity of the so-called white linoxic acid is 
decomposed, and the decomposition product yields the red colour. 
The preparation and testing of Mulder’s linoxin was prepared accord- 
ing to Mulder’s instructions, dissolved in KHO, and the solution 
wai-med with H The acids so separated were syru]yv, but sol- 

uble in alcohol and ether, and still gave the iodine number of 29‘ 1 . The 
filtrate was agitated with ether, neutralised with caustic potash, and 
evaporated on the watei'-bath. The residue was a syi’iip disseminated 
with crystals of Jt was shaken with absolute alcohol which 

left behind a thick lii-own syrup with a peculiar sweetish taste, 
insoluble in ether, readily soluble in water. It was recognised by 
further tests as glycerine, it amounted to 0 pi'r cent, of the linoxin. 
Thoretore, linoxin is not, as Muldei- asserted, an acid anhydride, Imt a 
glyceride, the oxidation of which is inconqilete. The glycerine is 
only partially sjdit off and oxidised, probably only such as is combined 
wdth oleic acid, and solid fatt) acids, which in the form of their 
glycerides absorb oxygen. Instead of linoxin Bauer and Hazura 
substitute oxylinolein ; it is known as such, but the name is not 
adopted. 

A nt4t:vi elation I'rocincts of Linoleic Acid, — Experiments on the 
autoxidation product of linoleic acid were not instituted by Bauer 
and Hazura. 

The Lreparatiou of Oxyacich from Oil OxidLed hy Subdividing 
Mednrw. — However, W. Fahrion has examined this question more 
closely, as he lound a medium for separating the oxyacids from the 
unoxidised portion in petroleum ether. A linseed oil, oxidised by 
means of a subdividing medium prepared for comparison with a 
polymerised oil but not analysed, w^as saponified, and the mixed acids 
were separated and treated with petroleum ether. The oxyacids re- 
mained behind as apparent thin fluid red oils, a combustion of which 
gave the following : — 

ELEI\IENTA11Y ANALYSIS BY FAHRION, OF OXYACIDS PREPARljlD 
BY HIMSELF. 



C. : 

H. 

0. 

C:H. 

Found .... 

69-74 

9-84 

20-42 

18:3-05 

1 Calculation for (’,^H 3„04 

69-68 

9-68 

20-64 

18:3-00 



382 tHE MANUFACTURE OF ^ARNISHES. 

Hence the oxidation had not yet gone far, so it can be presumed 
that the surrounding linoleic acid is not attacked, only the red oil 
being a split off, derivative of linolenic acid. The combustion 
figures correspond vsrell with dioxylinolenic acid, CjgH3o04. 

The Preparation of Oxidised Oil. Its Properties. — As the red 
oil was scarcely heated, so a partial saturation of the double bonds 
by oxygen is probable. 

The Preparation of Oxyacids from Oxidised Oil. — In a second 
experiment the oxyacids were prepared from an oxidised oil, the 
analysis of which has been already given. This time it was a thick, 
deep red oil, completely soluble in alcohol and ether.. The am- 
moniacal solution was only partially precipitated by BaCl^, and the 
insoluble barium salt was decomposed by HCl, the separated acid I. 
was only partially soluble in ether ; soluble portion la., insoluble 
portion Ib. Also the acids from the insoluble barium salt were only 
partially soluble in ether ; Ha. the insoluble portion ; Ilb. was so but 
slightly ; la. and Ila. were thick deep red oils ; Ib. a tacky syrup, and 
lib. an amorphous brown powder. The following analyses giving the 
combustion results are the mean of two estimations : — 


ELEl^TENTAKY ANALYSES WITH IODINE NUMBERS BY FAHRION 
OF OXYACIDS PREPARED BY HIMSELF. 



C. 

H. 

0 . 

C 

H. 

Iodine 

Nnjnber. 

la. 


67-44 

9-13 

23-48 

18 

29-2 

88-3 

Ib. 


65-84 

8-85 

25-81 

18 

29 

32-3 

Ila. . 

• • • 

64-19 

8-35 

26-90 

18 

29-8 

:i0-2 

Calculated 


69-68 

9-68 

20-64 

18 

30 

163-2 

*» 


63-16 

8-77 

28-07 

18 

30 

1 74-0 

1 


The figures C and H lie apparently between di- and tetra-oxylino» 
lenic acid. As to the ratio C : H it follows that, besides an absorption 
of oxygen, water is also given off. In face of the OH group present, 
such is very probable. It seems partially to occur with the baryta 
salts, the partly insoluble in ether is hardly* to be explained other- 
wise. The iodine number lies far below the calculated numbers, which 
is eiplained by polymerisation. 

When it is possible to obtain a higher oxidation product of linolenic 
acid it is done without the use of subdivided linseed oil. The oxy- 
acids were partly separated. They were only partially soluble in 
«ther, the soluble portion formed a thick dark red oil, the insoluble an 
amorphous brown mass, which on analyses gave the undernoted 
figures. For comparison, the Mulder combustion with the lowest 
€ content, white linoxic acid, is placed parallel 
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aRTHER ANALYSES OF OXYACIDS BY FAHRION CONTRASTED 
WITH MULDER’S WHITE LINOXIC ACID. 


r ■ ■ 

1 

C. 

H. 

1 

0. 

’ C:H. 

Iodine 

Number. 

Ether insoluble oxyacids . 

60-59 

7 -04 

31-77 

18:27-2 

1 

39-8 

Mulder’s white linoxic acid 

r 

Gl-0 

9-3 

29-7 

18:83 

— 

j Calculated for C^gHaH 07 . , 

CO-67 I 

7-87 

! 31-46 

i 18:28 

0 


The ratio of the C to H, in Mulder’s figures, points to the acid 
bontaining abundant hygi'oscopic water. The figures found by 
iFahrion are doubtless inverted by a previous splitting off of water. 
(Hence the figures pertaining to an anhydro derivative 
I - H.,0 = 

so it is to be concluded that the belief of Hazura and Bauer in a 
/pentaoxylinolenic acid, being the end product of oxidation, 

is wide of the mark. Moreover, the latter goes far beyond hexalino- 
lenic acid, and therefore the acids under examination were scarcely 
homogeneous, and still absorbed iodine. As will be pointed out 
further on, still higher oxidation products are possible. The more 
linoleic acid is finely divided, the more readily is its autoxidation 
brought about. This is best shown by means of cotton-seed oil which, 
according to Hazura and Griizner, contains no linolenic acid, only oleic 
and linoleic. Naturally it takes longer to oxidise than linseed oil. 
It requires a longer time or a higher temperature. In the same way 
as linseed oil cotton-seed oil was oxidised, and four different oxy- 
linoleic acids separated as more or less thick dark red oils. Analyses 
gave the following : — 


THE ULTIMATE COMPOSITION OP FOUR DIFFERENT OXYLINOLEIC 
ACIDS FROM COTTON-SEED OIL. 




H. 0. C;H. 

Iodine 

Numlier. 

I 

70-69 

9-91 19-40 i 18 : 30-3 

41-9 

n 

67-06 

I 10-00 ; 22-94 18 : 32-2 

35-3 

Ill 

64-39 

; 9-54 : 26 07 18 : 32 0 

32-6 

IV 

65-85 i 

1 9-66 1 24-50 ’ 18 : 31-6 

22-1 

Calculated for C.bHmO. . 

69-23 

; 10-26 20-51 ! 18 : 82-0 

81-1 

„ » . . ! 

62-79 

1 9-30 1 27-91 18 : 32-0 

( 1 : 

0 


The ratio C : H shows that the oxyacid 1. had split off much water, 
possibly due to the higher temperature in the oxidation of the oils. If - 
we take the figures for the ratio C : H =* 18 : 32, we find tfiat th )8e for 
the’oxyacids II. are almost equal. It leaves, therefore, the combustion 
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restilts between di- and tetra-oxylinolenic acid. It is naturally veiy 
difficult from the combustion results and the iodine value of oxj- 
linoleic and oxylinolenic acid to come to any definite conclusion. 
The theory as to polymerisation and the splittin^r-off of water is 
dealt with later on. The fact that iodine is still absorbed to^^ether 
with the combustion results gives rise to the further theory : That the 
saturation of each of the double bonds of linolenic and linolic acid isi 
accomjjlished by successive oxygen absorption and that one of the 
double bonds of linolenic and HiioIic acids are indifferent to thfe 
oxygen of the air, and only affected by polymerisation. The proof of 
this theory is still wanting. i 

Now as various micio-oj-ganisms were found in poppy-seed oil, it;' 
may he that these minute organisms ])lay a certain role in the drying 
of the oil. In that respect, B. Kissling showed that heating to 120'" C. 
and the addition of phenol stopped the absorption of oxygen. In re- 
gard to the second stage of the process of drying, some ideas of W. F. 
Reid are quoted. He placed some linseed oil skins in the air for 2 to 5 
years. In that time Reid claimed the linoxin passed into a thick fluid, ^ 
which Reid termed superoxidised linseed oil. It is apparently dark 
coloured, heavier than water, almost completely soluble in alcohol, 
very acid, forming with basic colours solid salts. Besides, during the , 
weathering and decay of outdoor paint, it plays a special role. Un- ' 
fortunately Reid’s oil skins were evidently only half diy and no useful > 
deduction can ‘be made. ' 

Jleiiriques experimented on the readily oxidisable ethyl Iwioleate. 
The great rise in the saponification number during autoxidation 
Henriques explained as due to the splitting up of the molecules with 
formation of smaller molecules of fatty acids. That this splitting up 
was due to autoxidation he regarded as improbable, owing to the 
slight increase in the acid number. He ascribes it to saponification, 
chiefly on the ground that previously, in the treatment of aro- 
matic alcohols, e.g. the cinnamic alcohols, Cj.Hr, . CH : CH : (lIipH, 
by saponification with alcoholic potash, he had obtained saponification 
numbers. He was then able to isolate from cinnamic alcohol a 
yellow, amorphous resinous mass, which contained benzoic acid in 
small quantity, but chiefly consisting of aldehyde and ketonic bodies. 
Henriques treated both fresh and oxidised ethyl linoleate in the w^arm, 
.with phenylhydrazin diluted with acidulated water, and agitated the 
solution with ether. The evaporated residue was in the first case 
N. free, and in the second case nitrogeneous. Henriques concluded that 
during the autoxidation of the esters, first OH groups were fixed by 
the double bonds and were then changed into ketone groups, or by 
splitting off yielded aldehydes. Henriques came to another result 
with the autoxidation product of abietic acid. This acid is knowm to 
form the principal portion of rosin ; its formula being C 2 oH 3 (, 05 i is at 
the present day well established, also that it contains two dspble 
bonds. It is therefore the aromatic analogue of linolic acid. It . 



|IMB OF DByiNO AND CSEMISTBY OP DRYING PROCESS. 285 

behaves similarly during autoxidation, and is, moreover, also in- 
soluble in petroleum ether. The petroleum ether insoluble oxyabietio 
acid is present in varying amount in rosin itself, and Henriques 
examined it more closely as an ester. He found a greatly increased 
saponification number, which, in this case, could not be ascribed to 
a splitting up of the molecules, as the saponification lye from which 
the oxyacids separated showed no increased acid value. He regarded 
the results as speaking more of oxyabietic acid than lactonic acids. 
Now Henriques has himself shown that unsaturated alcohols, like 
geraniol and linalol, behave to alcoholic potash in a much more 
Stable manner than aromatic alcohols, like cinnamic alcohol. The 
analogous conclusion an-ived at is, that the fatty acids, oxylinoleic 
and oxylinolenic, behave like the aromatic oxyabietic acids, and that 
the high saponification value is due to the unsplit-off molecules of 
weak acid groups. 

^ In the year 1900, Cl. Engler published his autoxidation theory, 
iwhich he afterwards elaborated with J. Weisberg. It consists in the 
action of atmospheric oxygen on the unsaturated compounds, not of 
' oxygen atoms but of oxygen molecules and the double-linked carbon 
atom. It includes primary peroxides which have the propeity of 
parting with half of the absorbed oxygen to another oxidisable body 
acceptor. Under certain circumstances the unsaturatexl body, the 
autoxidator itself, may act as acceptor functioning moleculaily, later 
from the primary formed peroxide. When no acceptor is present 
then tlje peroxide uses its active oxygen for an inner oxidation by 
fixing up a molecule, instead of such absorption, polymerisation 
may occur. It follows, therefore, that autoxidation as well as poly- 
merisation may occur simultaneously, viz. in the treatment of the 
unsaturated free valencies, in the first instance by molecular oxygen, 
in the last instance by the free valencies of each molecule. In both 
cases the unsaturated nature of the body is at an end. As far as 
specially concerned the unsaturated fatty acids and their esters, 
Engler and Weisberg used Weger’s calculations as proof, and gave a 
series of examples under the heading of direct autoxidation. They 
state that linseed oil on autoxidation does not act as self-acceptor but 
absorbs molecular oxygen exclusively. Hence on the other hand, on 
slightly heating strongly unsaturated fatty acids their behaviour to- 
wards atmospheric oxygen is demonstrated. So it is possible to bring 
forward here as example the unsaturated hydrocarbide dimethylfulven 

CH : CH . CH : CH . C : C(CH3), 


which like linoleic acid contains three double bonds. It was di8-_; 
solved in benzol solution and shaken with air or oxygen for 4 to 6 
days by which it separated a white amorphous precipitate. Light 
and increase of temperature hastened the separation. The analysis 
showed a diperoxide, The body had explosive properties. 
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It is insoluble in benzol ]pietroleum ether, ether and alcohol. It dis^ 
solves on heating in nitrobenzol and glacial acetic acid with chemical 
absorption. In aqueous alkali it dissolves readily in the cold, but 
under decomposition. The diperoxide is very unstable, its explosive 
properties are in evidence even under the influence of light and still 
more rapidly on heating. It melts between 120" C. and 130° C., be- 
comes soluble in alcohol and cold acetic acid, etc. If a boiling benzol 
solution of dimethylfulven be treated with oxygen the above peroxide 
does not remain as chief product but only secondary, soluble and non+ 
explosive bodies. If the benzol solution be shaken with a solution of 
sodium sulphindigotate of known strength, the latter will require 50 
per cent, of its weight oxygen, which will be taken from the dimethyl ' 
fulven. The diperoxide, is thus reduced in statu nascendi to 

a body CyHjoO^. As to the constitution of thase bodies, Engler and, 
Falkenstein believe the diperoxide to have probably the following: 
formula : — 


L. 


0 ., 


0 . 

CH : CH . CH . C . 


so that on autoxidatiori one of the three double bonds remains. 

Lactones . — Lewkowitsch believes the increased saponification 
number of linseed oil on oxidation is due to the formation of lactones. 
He tried to prepare these from the oxyacids by neutralisatic'n with 
aqueous lye, and agitated the solution with ether. This left a viscous 
fluid, insoluble in alcohol, with the saponification number 36*5, but 
the decomposition of the saponified lye yielded a body with the acid 
number 57’4. Finally, the oxyacids containing the lactones gave a 
higher saponification number than acid number. Lewkowitsch con- 
cludes therefrom the fresh formation of lactones, but Fahrion believes 
Henriques’ lactonic acids nearer the mark. Lewkowitsch then strongly 
asserts that the oxyacids are considerably more soluble in water than 
the petroleum ether acids. The latter give a slight ester and acetyl 
number, in which the presence of a small quantity of lactones and 
hydroxyacids occurs. On the other hand, the probability is undoubted 
that the fatty acids from petroleum ether dissolve a certain quantity 
of oxyacids. 

Autoxidation. — In'1904 Fahrion tried to bring Engler's autoxida- 
, tion theory into harmony with the known process of oil drying. That 
linseed oil, chiefly as primary autoxidation product, liberates peroxide 
can be established qualitatively. It was often shaken with water for 
8 days and left in the open air, then a drop of dilute sulphuric acid ■ 
added, filtered, and to the filtrate potassium iodide and starch added. 
A decided blue coloration was produced, whilst a blank test remained 
colourless. When the above experiment was repeated, after a week,^but 
instead of with ordinary linseed oil, with blown oil or dried lins^ oil^ . 
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following coloration occurred with titanium sulphide, viz. a yellow 
oration. The autoxidation products are very difficultly soluble, in 
d water. It was finally shown that Mulder’s combustion figures 
linoxin cori’espond with a mixture of hexa-oxylinolenic acid and 
a-oxylinoleic tri-glyceride. 



C. 

H. 

0. 

i 

Calculated for C.,H„(Ci^H,in()j,)., . . i 

51-0 

7*9 

331 


03-9 

9-2 

2G'9 

1 Mulder found 

G2-5 

8-9 

28*6 


Linoxin is thus a mixture, in vaiying proportions, of above glycer- 
. Its formation was firmly ascribed to the splitting off of water, 
finally it yields, on saponification, acids soluble in petroleum ether, 
lid these^ along with the petroleum ether insoluble oxyacids, give 
fcnsiderable iodine numbers, in which hexaoxylinolenic and tetraoxy- 
inolic acid absorb no more iodine. Linseed oil consists of mixed 
;lycerides, and the oleic acid and the solid fatty acids are mixed up 
n the drying process, and are therefore present in the linoxin. The 
)eroxide does not resist excess of alkali, without chemical change, so 
he oxyacids are no longer to be regarded as the product of a molecular 
ixation of the original primary peroxide. The great variation in their 
ixy gen* content is partially explained by successive oxidation, partly 
ly splitting off of water. Under this point of weight, Fahrion claims 
ihat his combustion results are not in favour of Engler’s theory, but of 
ihe lowest oxidised bodies, but at no time lower than that one molecule 
if oxygen has been absorbed. A polymerisation of the original prim- 
iry peroxide would seem very probable, as with acetone peroxide in j 
iwo instances. It is presumed, however, that in special cases a 
leutralisation of the double bonds, or a concatenation of the oxygen 
itoms, into a higher molecular weight is possible. This will be more 
•eadily understood with the formula of hexaoxylinolenic acid before 
he eyes : — * 

H., . 0 . CO . .*CH ,CH . CH, . CH . CH . CH, . CH . CH . CH^ . CH3 

^ " 6.6 6.6 6.6 

0.0 0.0. 

UH.O.CO.C,Hi 4 .CH.CH.CH,.CH.CH.CH,.CH.CH.CH 2 .CH 3 

"I 6.6 

0.0 0.0 0.0 

, CH2 . 0 . CO . C7H14 . CH . CH . CHg . CH . CH . CH^ . CH . CH . CHg . CHj 

Autoxidation Peroxides , — Blown linseed oil contains the free acid,;4« 
as a ^^ellow syrup soluble in petroleum ether. On saponification it is;/ 
insoluble up to one-half in petroleum ether, from which it appears thal 
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the 6riginal primary peroxide of linolenic and linoleic acid is soluMe 
in petroleum ether, and that the fixation product thereof is insolublk 
Genthe also takes it that the primary peroxides remain. Trials flo 
isolate them were unsuccessful. However, he has shown incontestably 
that autoxidation goes hand jn hand with the increase in the molecular 
weight. He heated linseed oil in a small beaker glass, covered by 4 
lid of sheet aluminium, on which a glass cylinder for storing air wa^ 
fitted, for 300 hours at 135° C. Samples were taken daily and thij) 
molecular weight taken, with ether as solvent. It rose in that tim^^ 
from about 800 to 1400. The oxidised oil was a red-brown, completely 
transparent, rubber-like mass. There is strong reason to believe tha^ 
no polymerisation occurred during the above research, the molecular 
weight did not at any time double, and the phenomena can he at- 
tributed exclusively to condensation. Finally, Genthe recognised 
second reaction in the drying process, consisting in a slow combus- 
tion of the oi’ganic substance. A short notice of Fahrion’s research, 
on the autoxidation of rosin may find a place here. The autoxidatior 
product gave peroxide reaction and was insoluble in petroleum etherj 
Its composition was a mixture of di-and tetraoxyabietio acid, C2„H3(j0^i 
and C.2yH3()0,;. On heating above 100° and treating with alcoholic 
sulphuric acid, which is known not to etorify the COOH group,! 
petroleum solulde derivatives were produced, with only slight agitation 
of the soda solution with ether of diminished acidity. 

Later Fahrion isolated the original primary peroxide. The re- 
search was mainly on linoleic acid, using cotton-wool as ^lividing 
material. The pioduct was first shaken with peti’oleum ether to re- 
move the unoxidised portion. Then the autoxidised product taken up 
with ether left it as evaporation residue in the form of a thick syrup. 
It contains a considerable amount of active oxygen which it readily 
cedes to KI in acetic acid solution. At the same time the product 
exhibited all the properties which Mulder ascribed to linoxiii. Above 
all things it passes on heating, and by the action of alkalies, into red 
linoxic acid, changing the active oxygen content, apparently owing to 
the fixing of this peroxide on a ketoxic group : — 

I I 

(;h-o (;no — h 

I I -■ -> I 

CH-O CO 

I I 

This change can proceed without any change in colour, e.g. pro- 
longed heating of white linoxic acid with dilute HCl; finally it is 
produced on storing it a long time by itself. Therefore, red and white 
linoxic acid are distinct from each other, since the last consists ex- 
clusively of ketoxic acids, whereas the latter contains active oxygen as 
peroxyaqids. Mulder was, therefore, correct when he looked Jipon 
(a) white and (i) red linoxic acids as dififering chemically, '^ut 
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Bauer and Hazura were also correct when they described the red 
coloured acid as an unknown decomposition product. The production 
of potassium linoleate during oxidation, in neutral solution, points 
also to a ketoxy group. Similar products are formed during the 
fixation of white linoxic acid. Again Holde and Marcusson obtained 
ketoxystearic acid, Ci7H3.,0(0H)C00H. The petroleum ether portion 
of the autoxydation products contains active oxygen ; finally, during 
sapoilification it becomes partially insolpjble in petroleum ether. 
White linoxic acid becomes during saponification partially soluble in 
petroleum ether. These results are explained by the etherification of 
fatty and oxyacids. If linoxic acid be dissolved in soda solution, and 
this solution shaken with ether, the latter leaves a yellow syrup with 
the molecular weight 600. Its formation requires 2 molecules and 
is explained by the following equation : — 

2R(OH)(COOH) = HgO + EOH . CO . O . R . COOH. 

Thus the perfectly neutral anhydro-derivative may remain as shown 
by the behaviour of linoxic acid, and when heated above 100“ C., it 
becomes partly insoluble in soda and ammonia. By saponification, 
the insoluble part becomes soluble in above solution. However, 
‘Mulder’s analyses of linoxin, with a saturation of the double bond by 
oxygen, still holds good. But a series of Mulder’s and Fahrion’s oxy- 
acid analyses with the other data regarding linolenic acid and linoleic 
acid, show that a double bond always remains intact as in dimethyl- 
fulven. * Autoxidation of linseed oil is not so uniform as that of lino- 
lenic acid. It leaves as chief product a still soluble yellow syrup with 
considerable active oxygen content. 

Dried Linseed Oil — Linoxin. — Finally it yields the penultimate 
product of the autoxidation, insoluble in all solvents, linoxin. On 
saponification, linoxin gives a certain amount of solid fat, a proof, 
therefore, that it exists at least partly as glyceride in the form of mixed 
glycerides from the linseed oil, and, therefore, taking part in the 
drying process. Orloff found for a complete dry linseed oil residue 
an iodine number 14' 1. It set no iodine free from an acidulated KI 
solution, yet it liberated active oxygen from an alkaline potassio- 
.mercuric iodine solution, from which an equivalent quantity of 
metallic mercury was liberated. In ether the dried oil was only 
partially soluble. To the soluble portion in virtue of his analyses, 
Orloff ascribes the following formula : — 

[CHo . CHj . CH . CH . CH 2 . CH . CH . CHg . CH . CH . (CHg): . CO]jO 

V 1,-i V 

Orloft’s formula for dried linseed oil, soluble portion. 

'vOL. I. 19 
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On the other hand, to the ether insoluble portion, also likewise 
from the linoxin, the following formula was given : — 

[CHg . CHg . CH . GH . CH 2 . CH . CH . (OR ,),, . COJ^O. 

\ / I ] 

0 O — 0 

Orloff’s formula for dried linseed oil, insoluble portion. 

These formulsc contain a series of errors. In the first place, the 
ether soluble portion is more highly oxidised than the ether insoluble, 
the first was a derivative of linolenic, the second of linoleic acid, but 
their formula is comparable one with the other. Further, molecular 
as well as atomic oxygen was absorbed, and finally, dried linseed oil 
still contains glycerine. Besides, all these errors are capped by the 
fact that “ linoxin is a mixture of several bodies, and therefore the 
establishment of any such formulae is quite impermissible. 

The chemistry of autoxidation during blowing of linseed oil must 
be much the same as during drying, only it is to be remarked that the 
primary peroxide at high temperatures is fixed, and that the splitting 
off of water is greater. Fabrion found in an oil blown at 15(^ 0. 0’4 
per cent, of active oxygen, whilst Mulder over six years' standing found 
peroxide building and consequent oxidation. Owing to the intensity 
of the reaction during blowing, a series of volitile bodies are given off, 
hence are not present on drying. H. Nordlinger isolated acids of 
boiling-point 190° C. and over, alcohol aldehydes and esters of boiling- 
point 150° C. and higher. Looking to data hitherto available, and 
its confusing nature, it must be acknowdedged thit the proces-i of 
autoxidation from its chemical aspect is in nowise completely dear. 
In several ways much light is thrown by the following : — 

1. It is certain that the primary peroxide remains, an 1 seemingly 
persistently, so that exclusively molecular oxygen is absorbed and 
also that the primary peroxide does not even by its active oxygen 
lend itself to linseed oil as a self-acceptor. It is difficult to bi lieve 
that, first the linolenic, then the linoleic acid absorb oxygen, leaving 
the saturated fatty acids untouched. As regards oleic acid it does 
not resist the action of the air. Its change must, as Mulder suggested, 
lie more in the direction of the rancidity ot the oil, with lowering of 
the iodine numbers. In any case, at the ordinary temperature oleic 
acid leaves no oxyacids insoluble in petroleum ether, an i it can be 
taken as certain that it in nowise shares in the drying proc ss. How- 
ever, it can occur in the foim of mixed glycerides in the ethereal 
solution of linoxin, along with the unsaturated fatty acids, which also 
contain linolenic or linolic acids. Likewise, oleic acid can lower 
their iodine numbeis by secondary processes, wh ch have nothing in 
common with the real drying process. It is taken that linseed oil 
contains 18 per cent, of oleic acid, therefore the iodine number of 14 
for dried linseed oil. On the other hand, Orloff s value of 14 cannot 
be ascribed to oleic acid alone ; then the oxyacids separated by 
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saponification, which contain oleic acid in traces, still absorb iodine. 
This is due to one of the double bonds of linolenic and linolic acids 
remaining intact during autoxidation, which clears the matter up 
greatly. This opinion is favoured by the high oxygen content of 
different oxylinolic and oxylinolenic acids. 

2. It is certain that during the oxidation of the linseed oil part of 
the glycerine is split off. Both Mulder and Bauer and Hazura as- 
sumecl that this splitting off was due to the progress of oxidation. 
Mulder showed that under the term free fatty acids, both oleic acid 
and saturated fatty acids occurred. Bauer and Hazura make the 
same assumption ; they go farther and imagine that only solid fatty 
acids and free oleic acid occurred free, and that of linolic and linolenic 
acids no trace occurred. As to the latter assumption, there is no 
proof ; facts are against it. As to spontaneous fat splitting in a 
partially split fat, the free fatty acids have abundant glycerine in 
their composition, so that under the term free fatty acids contained 
in linseed oil both linolenic and linolic acids are included. 

3. It must not be forgotten that in several processes during 
the heating of linseed oil with simultaneous blowing, the thickening 
so produced is due to a greater or less extent to autoxidation. That 
it is due to polymerisation is improbable. Different reasons point to 
condensation. During the fixing of the primary peroxide OH groups 
are formed, such are free COOH groups which are also produced. 
For this reason the molecular weight rises from 800 to 1400, as de- 
termii^d by Genthe, therefore no polymerisation can intervene where 
condensation occurs. Moreover, in condensation processes the 
iodine number does not lower, but rises. Hence by air blowing, thick 
boiled oil shows a great lowering of the original iodine number, and 
during drying great lowering occurs, which is only to be partially 
ascribed to autoxidation. 

Self- autoxidation of the Autoxidiser in Addition to Autoxidation 
of Acceptor. — The autoxidiser oxidises itself as well as the acceptor 
■ by producing a stable compound, which can no longer serve to pro- 
duce a peroxide ; to continue the autoxidation a fresh quantity of 
autoxidiser is requfrod which necessitates a definite relation between ■ 
the two substances. That is why linseed oil may still dry satis- 
factorily if non-drying* oils or other non-drying bodies, e.g. greasy 
lamp-black, are added to it, but only within certain limits compatible 
with the conditions just enunciated. Finally, certain metallic, salts, 
capable of forming oxides of different degrees of oxidation, impart' 
great drying properties to linseed oil, when placed in suitable contact 
therewith. Lead, manganese, and cobalt manifest these properties in 
a specially energetic manner. Added (1) as compounds soluble in 
oil (rosinates, linoleates), or (2) placed in contact with oil in the form 
of oxides they endow it with an aptitude for oxidation altogether re- 
maj^able. In the first case (1) they play the r6le of autoxidisers, in 
the second instance (2) there is partial saponification of a part of the 
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oil with the formation of a manganous or plumbic salt of the fatty 
acids of the oil, which dissolves therein and which afterwards plays the 
role of autoxidisers, as in the previous instance. 

MaiKjaiiese Compounds and their Action. — Traces of a manganese 
salt added to a mixture of (a) oxidisable bodies with (b) oxidising 
bodies, start or accelerate very appreciably the oxidation reaction. 
The manganese compound, besides its action as an autoxidiser on oil, 
favours the formation of organic peroxides and accelerates the oxida- 
tion produced by the latter. For that purpose only an infinitesimal 
quantity is required (see table), and the oil so treated may be con- 
sidered as practically exempt from mineral compounds. It does not 
become brown in the air only; the nature of the acid forming the 
manganese salt has a great effect on the intensity of the reaction. 

Summary of the Autoxidation Bertrand Theory. — 1. The drying 
of linseed oil is produced by the conversion in contact with air of 
several unsaturated liquid glycerides, with several double bonds or 
links into peroxides, which completely oxidise the oil. This reaction 
is very slow. 

2. By adding spirits of turpentine to the oil the action is accelerated, 
for this essential oil readily produces in the air a peroxide which com- 
pletely and rapidly oxidises the mixture. 

3. Finally, the addition of a manganese salt still further accelerates 
the rapidity and increases the energy of the reaction : — 

(a) By acting as a mineral ferment (see Barruel and »Tean) when 
used in mere traces, in presence of a substance which can readiily con- 
vert itself into an organic peroxide such as spirits of turpentine. 

(h) By acting directly on the oil as an autoxidiser when it is used 
in higher proportion, and in this case it shares this property with 
lead salts. 

The process when an autoxidiser of this nature is used may be 
written thus : — 

A. Autoxidiser. 

B. Acceptor. 

Here the autoxidiser does not participate in the final oxidation, it 
cedes all the oxygen which it has fixed and recommences acting as a 
carrier between the atmospheric oxygen and the acceptor. It is un- 
necessary to have a great quantity in use, a minimum quantity 
suffices. 

Ac far back as 1883 Livache is credited with having shown that 
manganese is a more active drier than lead, but that was proved long 
before the eighties. Vincent pointed it out before 1870, and Faraday 
long before him. It was even proved by Vincent on 2 ton batches of 
oil as far back as 1870, and Vincent acknowledges that the idea of 
using manganese came from Faraday. In a word, the use of 
manganese goes back beyond the memory of any man now living, 
and Germany had nothing to do with suggesting its use or of cqjjalt. 

Mineral Ferments. — The important rdle which manganese salts 
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play in a whole host of oxidations, both natural and artificial, has 
been shown by Bertrand. They coexist in the oxidising ferments 
from which fact they are termed mineral ferments. 


A. Autoxidiser 


B. Acceptor 


A. Autoxidiser 


B. Acceptor 


A + AOjj 

AO^ + B A + BO^. 


A<| 


1 + B -* AO + BO 
\6 


A -> a/? 

\6 


conversion into peroxide. 


oxidation properly so called. 


k{ i + 2B -> A + 2BO 

\o 


Haller has since pointed out the presence of stearic acid and a 
little arachidic acid. However that may be, we may take linseed 
oil to consist of glycerides of different fatty acids ( 1 ) saturated fatty 
acids Cj4H2y02, myristic acid Ci4H2(j02, stearic acid CjgHjjg02, and 
palmitic acid Ci(.Hy202; ( 2 ) the unsaturated fatty acids to which 
belong all the others. The latter class is differentiated from the 
forme? as they comprise double links in their chain : CH = CH 
corresponding to unsaturated carbon atoms. These double bonds 
are more or less numerous ; oleic acid only contains one, linoleic 
acid two, linolenic acid and isolinolenic acid three. Oleic acid is 
also present in other and non-drying oils ; it is not characteristic of 
the drying property of linseed oil, which is undoubtedly due to the 
presence of linoleic, linolenic, and isolinolenic acid peculiar to that 
oil, that is to say, to fatty acids containing two or three double 
bonds corresponding to four or six atoms of unsaturated carbon 
atoms, have unsatisfied valencies and consequently capable of fixing 
other atoms. The drying of linseed oil is due to the absorption of 
oxygen, and as in this reaction the weight increases, the oxygen 
absorbed is not utilised for a partial combustion of the product, but 
is fixed by addition. It is therefore quite rational to assume that 
this oxygen has saturated the double links. This is shown by the 
chemical examination of linoxin ; it shows that this product no longer 
contains double bonds. That linseed oil agitated with air dries 
more rapidly has already been seen, also when it is mixed with 
turps or with the mineral bodies termed driers, and the effect is ap- 
preciably greater when these three conditions are combined. As 
regards turps the fact is explained by the fact that in contact with this 
liqijid, atmospheric oxygen becomes more active. It is well known 
that an aqueous solution of indigo carmine is bleached in the air 
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when little turps is added to it. The oxygen of the air which does not 
act on this colour, destroys it under these conditions. Although it 
has been asserted that ozone is formed in contact with turps, it is not 
a transformation of that which causes it, for if in the previous experi- 
ment the oxygen of the air used be measured it will he found that the 
volume of oxygen absorbed is double that required to decolorise 
indigo. Oxygen is therefore also fixed by the turps, and it is to the 
compound so formed that the bleaching is due. If we go back to the 
mixture of turps and linseed oil the same reasoning applies — the 
turps cause the oxidation of the oil by absorbing oxygen. These 
oxidation phenomena due to turps have been studied more especially 
by Bach, Engler, and F. Weisberg, who have shown that under these 
conditions turps, or more exactly, pinene, a non-saturated hydro- 
carbide of which turps consists almost entirely, is converted by con- 
tact with the air into a peroxide by the absorption of two atoms of 
oxygen which is fixed by the double link; the compound formed 
R — 0 — 0 — R is very unstable and behaves like hydrogen peroxide 
H — 0 — 0 — H by abandoning an atom of oxygen to the oxidisable 
body termed, an acceptor being itself converted into a more stable 
body R-— 0 — R or H — 0 — H. This property of forming peroxides 
is shared by a large number of organic bodies ; amylene, tinmethyl 
ethylene, hexylene, unsaturated hydrocarbides form peroxides. Cer- 
iain aldehydic bodies possess the same properties. Acetyl peroxide 
ind benzaldehyde peroxide are well known — 

Acetjl peroxidti. 

Beu /.aldehyde peroxide. 

T^erbeiizoic acid. 


The non-saturated fatty acids may themselves yield peroxides. 

If they do not possess one double bond, for q,xaraple in the case 
of oleic acid, the peroxide is not formed in contact with air, the oil 
does not dry, but none the less this fatty a/ 3 id can yield a super- 
oxygenated compound when treated by ozone, as shown by Molinari 
and Soncini as well as Harries and Thieme. The ozonide of oleia 
acid possesses the constitution : — 

CH„(GII,),CH CH(GH,),-CO,H 
0 - 0-0 

The unsaturated fatty acids possessing several double bonds form 
peroxides in contact with air. These peroxides then act on the oil 
itself which plays the role of acceptor, and the drying of the oil t^ua 
proceeds quite rapidly as soon as an appreciable quantity of peroxidet 


CH 3 -CO-O 


CH-CO-0 
CeH,-C<; I 

I ^0 
on 
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is formed. If non-drying oils be added to linseed oil they likewise 
dry in spite of their non-drying properties, oxidation occurs by en- 
trainment, the non-drying oils play the part of acceptors and are 
oxidised after the manner of indigo carmine in contact with turps 
and air. That explains how linseed, which contains a considerable 
proportion of saturated fatty acids, dries right to the core although the 
same fatty acids do not dry alone. During the process of oxidation 
all the organic bodies added to paint participate in the oxidation. It 
is well known that canvas which has been painted on directly is 
“burnt” by the painting, and that the painting is always insulated 
from the canvas by a special coating. The pigments themselves (see 
Vol. III.) do not escape this action and are subjected to energetic 
oxidation when used ground in oil. It is thus necessary that they 
should be as little sensitive to this action as possible, and more 
particularly that they should be completely insoluble in oil and turps 
besides water. 

Permanent pigments should not only resist sunlight but also the 
oxidis'ng action manifested as the paint dries. An example will 
suffice to show the special attention which should be brought to bear 
upon ihe point. Indigo, a natural organic colour, is much used in 
dyeing owing to its very great resistance to the oxidising action of 
sunlight. It should therefore constitute in oil-painting a very strong 
colour. Yet what do we find if we heat indigo with linseed oil to 9 ? 
We get rapid solution, cold, it shows a dark green tint. The filtered 
solutipu exposed to the air is rapidly decolorised. The indigo has 
been destroyed amidst a mass containing organic peroxides. As all 
organic colours are oxidisable they must be rendered completely in- 
soluble in oil by converting them into lakes, analogous to madder 
lake. In a general way the bodies, the above-named substances 
called by Engler and Wohler autoxidisers, oxidise the bodies with 
which they are mixed acceptors by becoming converted into peroxides 
which cede to the latter one of the two molecules of oxygen absorbed 
reserving th ■ other. For the oxidation of a given weight of substance 
(acceptor) it is necessary to use an equivalent quantity of autoxidiser. 

Luminous rays act very favourably on the formation of p‘ roxides, 
that is why linseed oil dries more rapidly in sunlight. Its drying 
capacity is increased. • If we compare the effect of the different rays 
which accompany or compose sunlight, it is found that the rays with 
a short wave length, the ultra-violet rays, have an extremely intense 
action. Linseed oil submitted to these rays dries very energetically. 
Let it be well understood that it is possible to add directly, organic 
peroxides, which may be prepared by chemical means, and rapid dry- 
ing oils may be so obtained which do not contain a trace of mineral 
matter. 

Comparative Rapidity of Drying in Dry Air and in Moist Air, 
— The question whether manganese boiled oil dried best in dry or * 
moist air was examined by Lippert. His results, if curious, are 
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interesting. A boiled oil rich in manganese dries faster in dry air. 
Hence the amount of water in the air, and that of manganese in the 
boiled oil, act in diametrically opposite directions. Weger asserted 
that, generally, lead boiled oil dried fastest in damp air, manganese 
boiled oil in dry air, and he certainly got very different results with 
manganese borate boiled oil, which is comparatively poor in man- 
ganese. He mentions a manganese borate boiled oil that dried in 6 
hours in cold damp weather, and took 12 hours to dry in a warm 
atmosijhere. Lippert first compared the drying of the boiled oils in 
a current of perfectly dry air, which had been freed from any trace of 
aqueous vapour by passing through sulphuric and phosphoric an- 
hydride, with that of boiled oils in an ordinary room, in which the 
dampness of the air was regularly tested by a hygrometer, but he 
found these tests could be dispensed with. 

Choice of Drier — Manganese Driers , — It has been shown that the 
best results are obtained by the use of lead and manganese. An 
oil boiled in contact with manganese driers dries quicker than one 
boiled with lead driers. When boiled oil is free from lead it has 
the advantage of not being altered by sulphur compounds. The 
receipts given for the different driers to be added recommend the 
use of the borate and the hydrated oxide of manganese to the exclu- 
sion of all lead compounds, and the boiling may be done as suggested. 
The superiority of oils having manganese as their only drier is so 
decisive that attempts have been made to manufacture such oils 
directly. 

1. Borate of Manganese , — Two pounds of very white borate of man- 
ganese, free from iron and finely ground, are added with constant 
stirring to 1 gallon of oil heated to 100'’ C. (212° F.). When complete 
incorporation is effected the heat is raised to 200° C. (392° F.). One 
hundred gallons of oil are heated in a pan until bubbles of gas com- 
mence to come off, when the preceding mixture is added in a thin 
stream. The heat is raised to about 200° to 220° C. (392'’ to 428° F.), 
and after 20 minutes’ boiling an oil is obtained which rapidly dries 
to a bright elastic coat. It is absolutely necessary only to use borate 
of manganese completely free from iron. It ma^ be prepared by 
adding a solution of borax to a solution of manganese chloride, so 
long as a precipitate forms which is washed with water and dried. 
A perceptibly white product is thus obtained. As manganese ores 
are liable to contain iron, lime, and other impurities this method of 
preparing borate of manganese is apt to give an impure product ; a 
better method is that given. The drying properties of this salt are 
such that it is claimed by some that it can transform linseed oil into 
a quick-drying oil at a temperature as low as 40° C. (104° F.), e.g. if 
in a flask containing linseed oil we suspend a small linen bag con- 
taining borate of manganese (3 oz. of borate to 100 oz. of oil), and if 
we place the flask in a warm place we obtain in 15 days a quiu^- 
drying oil. But all these trivial processes are n^isleading. Life is 
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too short to wait 15 days for oil to dry no quicker than boiled oil, 
«.nd only under exceptional conditions, such as the presence of free 
fatty acid in the oil and free hydr.ited oxide of manganese in the 
borate, can the oil be acted on at such low temperatures. Common- 
'sense might tell those who make such extravagant claims for borate 
of manganese that in the cold it is almost inert. A better oil is said 
to result if, instead of employing borate of manganese alone, we 
employ a mixture of borate of manganese and oxide of lead, which 
is practically the same, because the reaction which ensues intro- 
duces oxide of manganese, but the latter may be added directly in 
the form of the hydrated oxide — a dense, brown product; finally, 
it can be introduced by utilising reactions similar to the following : — 

2. Hydrated Oxide of Manganese and Air. — One thousand pounds 
•of oil are heated to 70° to 80° C. (158° to 176° F.). 3 lb. of crystal- 
lised manganese sulphate arc dissolved in a very small quantity of 
water by, the aid of heat ; 10 lb. of caustic potash dissolved in a 
small quantity of water are added; the whole well stirred and run 
into the oil. The mass turns brown, and brightens at the same time. 
An india-rubber tube, to the end of which a rose nozzle is fixed, is 
introduced into the pan, and by means of a pump air is injected for 
4 or 5 hours until the brown coloration has disappeared. The oil 
to which the above mixture has been added falls in drops inside a 
pipe, where a current of air circulates the reverse way. The oil is 
again elevated, and made to fall again, and so on until the brown 
coloration disappears. It has been further proposed to use the 
natural black oxide of manganese — pyrolusite. 

3. Black Oxide of Manganese and Sulphuric Acid. — A mixture of 
2 lb. of finely ground pyrolusite and 2-i'lb. of sulphuric acid is added 
to 100 lb. of linseed oil heated between 180° and 200° C. (356° to 
392° F.). After about an hour, a milk of lime, obtained by slaking 
1 lb. of quicklime, is added, the whole well stirred, and filtered 
through canvas. 

4. Various Processes, (a) Treatmg Litharge Boiled Oil with 
Borate or Sulphate of Manganese. — Livache claims that a very 
quick-drying oil — free from lead — whose drier is manganese may be 
obtained in a roundabout way by slightly heating or simply agitating 
an oil which has been boiled with litharge, with borate or sulphate 
of manganese. The oxide of manganese, he says, replaces the oxide 
of lead, which is precipitated in the state of insoluble lead borate or 
lead sulphate. 

{b) Boiling Linseed Oil with 5 per Cent. Lead Oleate. — One hun- 
dred gallons of linseed oil are heated with 50 lb. of lead oleate. But 
as oleic acid is not a suitable acid with which to combine a drier ; the 
oleate of lead has for a long time been replaced by manganese linoleate 
and also by manganese rosinates which are used in smaller proportion. 
Neither of those exert a counter influence on drying like oleic acid. 

Zinc Driers. — Linseed oil is sometimes boiled after the addition 



THE MANXJFACTITBE OF VABNISHES. 


'im 

of white lead, lead acetate, and dehydrated zinc sulphate. The func- 
tion of zinc sulphate in oil-boiling and varnish-making is obscure ; it 
is added with the idea of imparting elasticity, also to remove water. 
Again, attempts have been made to substitute lead salts by pure oxide 
of zinc, but after boiling the resultant oil dries slowly, and the oil so 
prepared has no advantage over a litharge-boiled oil, except that it is 
not blackened to counteract this irremediable drawback by sulphuretted 
hydrogen. Livache precipitated the lead of a litharge-boiled oil by 
means of a suitable manganese salt, such as the sulphate, but that is 
a very roundabout way of introducing manganese into the oil, and 
seems so unnecessary, too, as both manganese linoleate and man- 
ganese rosinate, to say nothing of the acetate or even the borate, 
dissolve very freely in hot linseed oil. But it is more than probable 
that the precipitation of the lead dissolved in the oil is any hing but 
complete, and that the good results claimed by Livache from this 
style of working were due to the conjoint action of lead and man- 
ganese. Oxide of zinc has been added to the salts of manganese em- 
ployed in oil boiling, but if the zinc oxide did any good it was due to 
the liberation of manganese oxide. Leaving out of account the ad- 
vantage — often very appreciable — of obtaining an oil which does not 
blacken in contact with sulphuretted hydrogen, it would appear that 
the oil does not dry quite so quickly, nor so uniformly and well, as 
when a manganese salt is added in presence of lead oxide. It has 
been recommended not to heat the oil with driers beyond 120° to 
127*' C. (248° to 260*6° F.), but to project into the oil after several 
hours’ boiling weight of water, mixed with -^^,th of its 

weight of litharge, in the form of fine drops. But ttjis dangerous 
process, due to Bartky and tried in Germany, appears to be but little 
used, if at all. 

Barruel and Jean found that an oil which did not contain any 
thickened oil, nor drier, begins on exposure to give olf carbonic 
acid, but that, under opposing circumstances, carbonic acid is dis- 
engaged after 8 to 10 hours contact. Another important point which 
fodows from their experiments is that for the intestinal movement to 
manifest itself, the temperature must be brouglft to + 15° C. whilst' 
below that temperature down to 6° C., the action of accelerating or 
exciting agents is always weaker. The ficcessity for a medium 
temperature points to an analogy between this phenomenon and 
that, of fermentation. The increase in weight of a coating, after 
complete drying on tin, rose to 16 per cent, of the weight of the oil ‘ 
used. They also discovered that the direct or reflected light of the 
sun exercises a manifest influence on the phenomena of the drying 
of oils. Thus a sq. metre on which a coat of paint made from man- 
ganese-treated oil and zinc white had been applied, and left in a dark 
place, only increased 1*1 grammes in 7 hours, and 2*23 in 20 hours^ 
whilst the same surface left in the laboratory at the same tempera- 
ture, but exposed to the light from a cloudless sky increased 3*3-. 
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grammes in 7 hours, and 4*42 grammes in 21 hours. Tinder the in- 
fluence of the solar rays, absorption is still more rapid than in the 
preceding case. In an experiment lasting 4 hours, a surface 1 
metre square, which had been coated with white paint and drier, 
had increased 4 grammes in weight and disengaged 435 milligrammes 
of water and 1 gramme of carbonic acid. The water would appear 
to originate in the large surface of the glass vessels, used in the ex- 
periments, for in the different weighings it was not proportional to 
the carbonic acid disengaged. The above chemists contended that 
the absorption of oxygen by drying oils, under the influence of heat 
and light, is the result of an internal movement, which operates 
similarly to fermentation. Barruel and Jean’s views appeared to be 
supported by numerous facts. They found bodies which added in 
infinitely small quantities under the influence of the solar light and 
a moderate temperature, cause drying oils to dry in a very short 
time, or to speak more plainly resinify them, with the result that 
carbonic acid is disengaged, whilst the oxygen is fixed by the oil. 
Barruel and Jean assert that there is an oleaginous as well as a 
lactic acid fermentation. In oil boiling, the oxides absorbed by the 
oil are imperfectly reduced which gives rise to the formation of 
carbonic acid. The reduced oxide is thus converted into a body, 
which operates on the oil after the fashion of a ferment, and the 
proof of it lies in the fact that boiled oil possesses no drying pro- 
perties unless it contain dissolved oxide. Barruel and Jean found 
that th^ substances which possess this property in the highest degree 
are for the most part metals of Thenard’s third class, manganese, 
zinc, iron, cadmium, and amongst that group it is the protoxides of 
cobalt and of manganese that have given the most satisfactory re- 
sults. In some cases protoxide of iron is said to behave in the same 
way but with less energy. Barruel and Jean, so as to find a ferment, 
or an innocent drier working energetically on drying oils, tested 
compounds of the above oxide which, leaving to these oxides all their 
exciting force, would be easily made on the large scale. But such is 
not the case with the above protoxides which are difficult to prepare, 
and cannot be preserved in contact with air. They first tried the 
organic and inorganic compounds of the protoxides of cobalt and 
manganese. They afterwards found that carbonic, phosphoric, sul- 
phuric, and hydrochloric acid as well as the greater number of 
vegetable acids, retain the above oxides too energetically and almost 
entirely annul their effects. The salts of these oxides in the basic 
state have, it is true, a more marked action, but of all inorganic acids 
it is boric acid in combination with the protoxides of cobalt and 
manganese which gave the best results. The ratio according to which 
the borate of the protoxide of manganese may start the fermentation 
of drying oils is 1 to 1^ parts by weight in 1000 parts by weight of 
the .til, that is 0*001 per cent. Barruel and Jean remarked that the 
..borate of manganese which they used and tested was not an anhydrous 
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salt, but con{ained about 25 per cent, of water and appeared to act 
in this way : a portion of the protoxide is eliminated by the effect of 
light and heat, it absorbs oxygen from the air to be converted into 
peroxide, and very soon the oil begins to set and the coating at this 
moment begins to colour slightly, but this coloration disappears when 
the coating is dry. If 1 to 2 per cent, of borate be used, calculated on 
tbe weight of the oil, the brown coloration of the coating persists. 
Two organic acids yield with the protoxides of cobalt and manganese 
salts analogous to those yielded by boric acid, viz. : benzoic acid and 
hippuric acid. Eesins behave like acids but to a less extent. The 
use of hippuric acid seems to Barruel and Jean to be advantageous, 
as it would utilise a neglected product of the farm. 

Lead and Manganese Salts as Driers. — Besides the oxides of lead 
iind manganese we may employ certain salts of these oxides as driers. 
But their choice would appear to be subordinate to their degree of 
solubility in the oil, and to the way they behave when heated along 
with the oil. Further, all the numerous salts proposed have been 
discarded except the acetate (sugar) of lead and borate of manganese, 
and the reason is not far to seek. These salts decompose when 
heated, and yield as a final result either the oxide of lead or finely 
divided metallic lead, or oxide of manganese, of which the valuable 
function is well known. 

1. Acetate of Lead. — This salt melts in its water of crystallisation 
at about 75° C. Above 100° C. it loses water and a little acid, yield- 
ing the sesquibasic acetate, which towards 280° C. is completely 
decomposed, giving off carbonic acid and acetone and leaving as a 
residue metallic lead in an extremely fine state of division (spongy 
lead). We have seen the important role this plays in stimulating the 
drying properties of oil. 

2. Borate of Manganese. — Again, on the other hand, we have in 
borate of manganese a very unstable salt, as is the case with borates 
in general. The affinity of boracic acid for oxide of manganese being 
but very feeble, the latter is liberated by the action of heat ; the em- 
ployment of this salt is therefore a useful roundabout way of introduc- 
ing oxide of manganese into the oil. 

As non-oxidised metallic lead, in a very porous condition, increased 
the drying properties of the oil, it was interesting to study the action 
upon oil of other metals capable of being easily precipitated. But 
the oil dried no quicker when treated with precipitated tin or copper. 
Besides, these results might have been foreseen, for Chevreul showed 
that linseed oil, spread upon well-polished lead, dried much more 
rapidly than when spread upon copper, brass, zinc, or iron. With 
these metals the oil did not dry any faster than upon plates of glazed 
or unglazed porcelain, glass, or plaster of Paris. As to the numerous 
other substances besides the salts of manganese and lead proposed 
to be added to drying oils to hasten their drying properties, noiig of 
them appear to exert any beneficial influence. Chevreul made a 
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comparative study of the oxides of zinc and lead and showed, that the 
former had no appreciable influence, and that certain substances even 
acted in a contrary manner, retarding instead of hastening the drying 
of the oil, such as the oxide of antimony and antimonious arseniate. 

If certain substances appear to act as driers, the reason is to be found 
in the fact that they have been used in conjunction with the applica- 
tion of heat, and their apparent beneficial action is due to the heat 
alone. According to And6s the following substances may be regarded 
as absolutely useless : all organic matters (sepia, dog excrement, bread, 
onions, garlic), red oxide of mercury, verdigris, lime, brass, zinc, alum, 
hydrated oxide of iron, boracic acid, oxide of antimony, gypsum, ver- 
milion, pumice-stone, animal charcoal. The following as Oxidising 
Agents. — White lead, sulphate of lead, carbonate of lead, basic acetate 
of lead, black oxide of manganese, hydrate of protoxide of manganese, 
sulphate of zinc, oxide of zinc, umber, and those in this final list as 
Energetic Oxidising Agents. — Air— acting through its oxygen— red 
lead, litharge and the different oxides of lead, borate of manganese 
and the hydrated peroxide of manganese. 

Kastner has proposed the plumbates of the alkaline earths as 
driers. These are prepared by heating in a suitable furnace two 
molecules of baryta, strontia, or lime, or their corresponding car- 
bonates with one molecule of oxide of lead. The plumbate of baryta 
is dense black, that of strontia, brown, and that of lime, bright red. 
Kastner is of opinion that the drying property of the oil is increased 
by the richness in oxygen and the introduction of lead; he holds 
further that the introduction of the alkaline earths themselves may 
produce oleates, which after drying assume a consistency of remark- 
able elasticity. We ought therefore to confine ourselves in the use of 
driers to lead and manganese, to their oxides, and in certain cases to- 
some one of their salts. 

Catalytic Action of Driers. — An experiment of Chevreul lends 
support to the theory of looking upon manganese and lead as simply 
performing the function of intermediaries or oxygen carriers, viz. : 
If we make a mixture of raw linseed oil and manganese-boiled oil, 
the liquid resulting from this mixture has a much greater oxygen 
absorbing power than either of the liquids constituting the mixtures 
taken separately. 

If this be true, then a pale boiled oil made by diluting a manganese- 
boiled oil with raw oil ought to be a very desirable mixture indQed. 

It follows that the quantity of oxygen absorbed during the same 
period of time is not proportional to the quantity of oxide of man- 
ganese contained in the oil, since the boiled oil reduced with raw oil 
absorbs more oxygen, although bulk for bulk it contains less oxide 
of manganese than the original manganese-boiled oil. The only 
feasible explanation is this : If the raw oil in the mixture absorbs 
a gjpater quantity of oxygen in the same space of time, it is simply 
because this oxygen is supplied to it under more favourable con- 
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ditions. Now these conditions are precisely the fixation of oxygen 
by the oxide of manganese, which forthwith gives it up to the oil ; 
there is thus a continual transport of oxygen from the air to the 
manganese and thence to the oxidisable principles of the oil. 

It seems, therefore, that an oil will dry in a better manner the 
less metallic linoleate it contains, because linoleate of lead absorbs 
less oxygen than linolein and becomes brittle ; all we have to do is to 
introduce a quantity of lead or manganese sufficient to extract from 
the air the quantity of oxygen necessary to oxidise the linolein as 
fast as this oxidation proceeds. A large quantity of lead or man- 
ganese does not hasten the oxidation — the intensity of which is the 
sole function of the drying quality of the oil used — but would on the 
contrary yield a less elastic and slower forming final product. Again, 
summing up the proper conditions under which the drying properties 
of an oil are accelerated, we can deduce the following principle (1) 
the oil ought to be refined and clarified ; (2) there is an advantage in 
allowing the oil to age before using it. If need be oxidation may be 
started ; (3) it is more profitable to use boiled oil than raw oil ; (4) 
the drying of raw oil or boiled oil is hastened by the addition of either 
lead or manganese or cobalt compounds in known quantities or by 
metallic lead in a fine state of division. It remains to be considered 
how in actual practice we can conform to the principles enunciated. 
The oxides of lead or manganese or cobalt or their salts are pre- 
ferred. But the use of metallic lead has latterly been tried with 
promising results. 

Treatment of Linseed Oil iviih Driers in the Cold — Driers are 
generally incorporated with the oil by aid of heat. However, 
interesting attempts have been made to effect this result in the cold. 
Numerous attempts are made to prepare quick-drying oils in the 
cold, thus securing economy and a paler oil. Few processes have, 
however, been published. The simplest plan consists in running 
the oil into a reservoir, from whence it falls upon plates super- 
imposed at alternating inclinations and at certain distances one from 
another. The oil thus runs in a thin layer in a zigzag course from 
one plate to another and thickens as it absorbs oxygen ; by using 
lead plates the action is more rapid. The oil when it reaches the 
bottom of the column of plates is pumped'" up to the top, and the 
same process is gone through again, and so on until the oil has 
assuijied the requisite consistency. The theory (Jf this is very simple — 
the oil oxidises, generates fatty acids which attack the lead, and the 
resulting nascent linoleate of lead dissolves in the oil. 

1. Link's Method. The First Attempt at Blowing Linseed Oil . — 
In Sink’s process a very small quantity of drier, 0*2 to 0*6 per cent., 
consisting of a mixture of manganese oxide and a lead salt, is first 
added to the oil, then a current of air passed through until the 
desired quantity of oxygen is absorbed. But this does not^j[ive 
satisfactory results without the aid of a moderate heat. 
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2. Bouis’ Process . — Bouis introduced lead oleate into the oil ; the 
product is colourless and dries satisfactorily. It has been proposed 
later to replace the oleate by the linoleate of lead, but the latter, it is 
said, does not give the same result, as it is said to be insoluble in oil 
in the cold. Hartley and Blenkinsop dissolve the manganese lino- 
leate in naphtha and introduce it in solution in that vehicle into the 
oil and then blow air through it. But according to Professor Sabin, 
this process was well known in America long before Hartley, etc., 
patented it. Moreover, the writer recommended it in his Polytechnic 
lectures several years before Hartley’s patent. See Vincent’s method 
of oil boiling. 

3. Liebig’s Method . — Liebig recommended the agitation of the 
oh with water, litharge, and basic acetate of lead. The latter salt is 
prepared by grinding as finely as possible 1 part of acetate of lead 
with i part of litharge to thorough incoi-poration, and placing the 
mixture in a porcelain basin, which is heated on the water-bath and 
covered with another porcelain basin to prevent access of air. After 
an hour’s heating a white mass is obtained, which is triturated with 
5 parts of water. The solution on standing and clarifying contains 
the basic acetate of lead. It is diluted with its own bulk of water, 
and vigorously shaken with 20 parts of oil which has been triturated 
with i part of finely ground litharge. The mixture thus obtained is 
added to the oil to bo treated, which it soon decolorises, and at the 
same time stimulates its drying properties. In those cases where 
the pro«ence of lead would be prejudicial to the object for which the 
oil is to be used, it is agitated with a small quantity of sulphuric 
acid diluted with 3 parts water. The lead may also be eliminated by 
agitating the oil with a salt of manganese, the acid of which forms 
an insoluble lead salt — the sulphate, for example, or, better, the 
borate.i 

4. Livaches Process. — Livache’s process consists in agitating the 
oil in the cold with finely divided metallic lead, perfectly free from 
•oxide. For this purpose he uses the spongy lead obtained by pre- 
cipitating a lead solution by zinc plates. For 1000 gallons of oil, 
30 lb. nitrate of idkd are dissolved in 15 gallons of water ; about 
1 ounce of nitric acid is added, then 6 lb. of sheet zinc. The pre- 
cipitated lead is placed *in capacious funnels, plugged with shavings, 
or, better still, with sea- weed, where it is rapidly washed with water ; 
then a small quantity of oil is poured on very gently, so as to displace 
the water imbibed by the porous mass of precipitated spongy lea,d. 
When the oil runs away clear and limpid from the bottom of the 
funnel, and as a consequence thereof all the water has been displaced, 
the mud thus obtained is run into the tank containing the 1000 
gallons of oil, that is nearly 20 tons, where the whole is subjected to 

,kLiebig’s method ia regarded by some as simply a method of refining the oil. 
It was all Liebig claimed for it,— J. G. M. 
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agitation. In working with small quantities the requisite agitation 
may be imparted by running the oil and lead into a cask, and rolling 
it about from time to time on the floor. The oil thus treated assumes 
a reddish tint, which disappears as soon as it oxidises in contact with 
air. If the treatment has been efficient, the resulting oil is as fluid 
as the original, contains a small quantity- of lead, and dries in 24 
hours in the open air. The rationale of this process is easily seen, 
the fatty acids originally present in the oil act on the finely divided 
metallic lead, and the nascent linoleate of lead, aided by the heat 
produced by its formation, dissolves in the oil as soon as formed. It 
is advisable to introduce manganese into the oil prepared in this way. 
A salt of manganese very soluble in oil, viz. the nitrate, is, added, 
say, 15 lb. for the proportions given, and the whole frequently 
stirred for two or three days, after which it is allowed to stand and 
decanted. If this oil were at once used, as it often contains an excess 
of nitrate of manganese, which deliquesces in the air, it might dry 
dull. To obviate this, 7-^ lb. of dry precipitated oxide of lead are 
added, and the whole again subjected to agitation. After standing 
a perfectly clear oil is obtained, which, exposed to the open air in 
a thin layer, at the ordinary temperature, dries in 6 hours. During 
drying the absorption of oxygen produces, in consequence of the 
presence of oxide of manganese, a brown coloration, but the latter 
soon disappears, and finally a beautifully brilliant, perfectly dry and 
completely colourless coat is obtained. Some manufacturers using 
this process have found the oil in certain cases to be tacky, perhaps 
owing to the presence of a small quantity of glycerine. This has led 
them to heat the oil treated first with finely divided lead and then 
with a salt of manganese, and it would appear that they have 
obtained very interesting results. 

Boiling Oil Through the Bung-Hole . — The American process of 
boiling oil in the cold, or, as they term it boiling oil through the 
bung-hole, consists in simply dissolving fused linoleate of lead or 
manganese, or their rosinates, in spirits of turpentine or naphtha, 
and adding a certain amount of this solution to each barrel of raw 
oil. The painter does the same thing when he adds “ terebine " to 
his paint. 

The figures in table give, Col. I., the amount of metal, whether 
lead or manganese, in certain well-known driers, the weight, Col. II., 
per tpn of oil, and the temperature of incorporation. The tempera- 
ture at which the drier dissolves, Col. III., should never be exceeded, 
except to hasten the process in a rational manner (Weger) 
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•TABLE GIVING INFORMATION AS TO USE OF DRIERS IN OIL 
BOILING. 



1 i 

]. ; 11. 

1 

111. 

Drier. 

Perccutago | 
of Metal 111 ' Lb. per 
Oomiiiercial , Ton ol Oil. 
Product. ' 

Temperature 
Degrees C.^ 

Manganese peroxide, MnO„ .... 

.10-00 Mn ; — 

250 

Hydrated manganic oxide, Mn.,(),H 2 () 

45-50 „ , 44 f 

180-200' 

„ manganese peroxide, MnO.JLO . 

45-50 „ 14 ( 

200-220 


( 

150 

Litliargc, PbO 

98 Pb , — 

r 

generally 

higher 

In the cold 

Manganese borate 

■ 15-20 Mn 11-22 J 

generally 

,, . „ commercial . 

5 Mu up to 00 

200 and 
higher 

Precipitated manganous rosinate 

7 22-88 f 

In the cold 

Fused manganic rosinate .... 

1 , 00 

Linoleate of manganese .... 

10 22 - 

generally 

Lead manganese rosinate . . . | 

H-lOPb ' 44-00 

'180-150 

1-2 ^In ( 

^1 


Patent Driers: Concentrated Driers and Liquid Driers. — Con- 
centraie^ driers consist of the product obtained by heating linseed 
oil at 250"" to 300° C. to the consistency of sticking plaster, with a 
quantity of litharge, red lead, borate of manganese greater than 10 
per cent, and even as high as 70 per cent, of the weight of the oil. 
Sugar of lead, oxide of zinc, etc., are added to or partially substituted 
for the preceding substances. 

Concentrated driers consist of a thick viscous mass, generally of 
a deep brown colour composed essentially of fused .linoleate of lead. 
A good product may be made by boiling in a small pot 7 parts (by 
weight) of good and aged linseed oil — old baked oil — with a mixture 
of 2 parts of lithargf; in powder and 2 parts of red lead. The oil at 
first assumes a beautiful red colour, which turns brownish as the 
temperature rises. Suddenly it thickens, looking like bronze in 
fusion, whilst at the same time abundant fumes are given off. A 
sample drop spotted on a glass plate should become in a minute 
perfectly solid, with no viscosity nor tackiness whatever. It is 
thinned down with spirits of turpentine or rectified naphtha to the 
requisite consistency when required for use. Concentrated driers dis- 
solved in benzol or spirits of turpentine are used to make “boiled" 

1 To bring to degrees Fahrenheit x 9 -f 5 + 32 = e.g. 250° x 9 = —9 
« 460»+ 32 = 482° F. 
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Dil or oil “ boiled through the bung-hole ” in the cold from raw lin- 
seed oil. 

Terebine or liquid drier is made like concentrated driers, but when 
bhe pot is taken olf the fire it is only allowed to cool for a feW,, 
minutes, when it is thinned down with successive additions of spirits 
of turpentine, with constant stirring. It is then passed thrbugjh,;” 
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coarse linen, and stored in closed vessels. Liquid driers consist 
therefore of linseed oil saponified and oxidised to a greater or less 
extent, i.e. heated until it will roll into pills, and afterwards dis- 
solved in spirits of turpentine. There are numerous recipes for 
making driers ; inter alia, the following : — 


Oil and Solids in LI). 
Turps ill Gallons. 

Concentrated 

Driers. 

Pale Liquid. 


Driers. 


Terebine. 

Linseed 

7 

7 

7 7 

7 

7 

7 

7 

7 7 

7 

7 

7 

7 

Boiled oil . 

4 



, — 

— 

— 

— 

— 

— — 

— 

— 

— 

— 

Litharge . 

2 

2 

— 1 

— 

— 

— 

2 

— ' — 

— 


— 

— 

Sugar of lead 

- 

— 

2 1 


— 


1 

— , 2 

1 1 2 

1 

— 

— 

Rod load . 

Black oxide of man- 

2 
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2 — 


— 


2 






ganese . 
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2 

— 1 

— 

— 


— 

2 — 

1 

— 

— 

— 

Manganese borate 

Zinc sulphate dehy- 


— 

— 



0 

2 

— 




2 


drates 

— 

— 

— — 

— 

— 



— 

— — 

— 

— 

2 

Umber - . . . 

i — 

_ 

— 1 

— 


1 — 

— 

— — 

1 

— 

2 


Shale browu ‘ . 
White lead, pure dry . 
Zinc white . 

'= 

- 

— 

y 

2 

i - 

- 

2 

1 

3 

- 

- 

Turps in gallons. 

‘ — 

2 

2 2 

2 

2 

' 2 

i 

2 

2 _ 

2 

2 

2 

2 


In the manufacture of white liquid driers the mass does not 
become red on boiling, but white at first, and afterwards a very 
faint yellow. Liquid driers are but little used for white colours 
— solid* driers are preferred; but with other coloured paints very 
rapid drying is etfected by simply adding, say, a few parts in 100. 
Complaints are made that certain driers when added to linseed oil in 
solution as liquid driers fall out of solution after a longer or shorter 
period of time. Sometimes, however, these complaints will not bear 
investigation. Endeavours have been made by working in the cold 
to produce very pale liquid driers. One variety which is used very 
extensively is made by intimately mixing 100 parts (by weight) of 
finely pulverised sugar of lead with 1200 parts (by weight) of poppy- 
seed oil. This mij^iure is exposed to sunlight in a glass vessel and 
frequently stirred. There is got in this way a perfectly colourless 
)il, which, when thinned down with 250 parts (by weight) of spirits 
)f turpentine, dries very rapidly, yielding a solid, durable coating. 
Hartley and Blenkinsops drier consists of zinc oxide mixed with 
b solu+ion of linoleate of manganese dissolved in naphtha. One per 
sent, of manganese linoleate added to linseed oil in a dilute naphtha 
jolution renders it quick drying. There is no necessity to blow air 
ihrough it. The air will do its work very well after the oil is applied 
;o any given surface. 

Terebine . — The so-called terebine ” very often consists simply of 
japanners’ gold size thinned down with spirits of turpentine. Japan- ’ 
tters^gold size is linseed oil boiled with litharge, red lead, sugar of 
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lead and zinc sulphate until it will roll into pills, and then dissolved 
in spirits of turpentine. Another process consists in fusing 2 parts, 
of Manilla copal, which is then mixed with J part of linseed oil and 
6 parts of concentrated driers made by one of the formulae given 
above, after which the whole is incorporated with 14 parts of spirits 
of turpentine. The bulk of the paste “ patent driers ” used in the 
trade consist of 90 per cent, or more of a mixture consisting of equal 
quantities of chalk, “ Paris white,” and barytes, and about 10 per cent, 
or less of actual driers. When it is desired to prevent the paint from 
cracking, very good results are obtained by using spirits of turpentine 
which has simply been shaken up with litharge and decanted. A 
liquid is thus obtained which does not affect the colour, and which 
also gives a very durable coating. 

Hannay’s glycl lead linoleates and basic lead linoleates, made by 
dissolving about 2 parts (by weight) of litharge in 1 part ot linseed 
oil at as low a temperature as practicable, should make excellent 
driers either per se or in turps or benzene. 

The Manufacture op Driers. 

The principal substances used as “ driers ” or aids in oil-boiling 
are metallic lead, Pb = 207, oxides and salts of (A) lead, (B) manga- 
nese, and (C) cobalt. 

Lead Compounds Used as Driers} — (1) Litharge; (2) red lead: 
(3) acetate or sugar of lead; (4) lead borate; (5) lead rosinate ; (6) 
lead linoleate, and either of the last two or both mixed with either 
manganese rosinate or linoleate or with both. 

1. Lit]Lar(je,VhO = 223 ; Pb = 92*83 ; 0 = 7*17 percent. Manu- 
facture . — When metallic lead is heated in a current of air, it is oxidised 
into massicot, PbO(Pb + 0 = PbO 207 -f 16 = 223). 207 parts of 
oxidised lead yield 223 of massicot. When this massicot is further 
heated, it fuses, and the fused product after cooling is known as 
litharge, or, from its scaly nature, as flake litharge. It does not, 
however, undergo any chemical change. When buying litharge for 
use as a drier, it should be guaranteed free from massicot, also copper, 
which is often present in considerable quantity, and acts injuriously. 
Moreover, it should not contain unconverted metallic lead nor sand 
nor silver. 

Properties. — Litharge should dissolve completely in dilute nitric 
acid and in acetic acid to a colourless solution. A green coloration 
would indicate copper. Any residue in either'of these acids will con- 
sist, most probably, of sand or grit, or possibly of lead peroxide (PbO.J ; 
acetic .acid may leave a residue of non-oxidised blue lead. When 
litharge is heated with linseed oil for some time at the temperature 
at wh’ch that oil is said to “boil,” but, more properly, at which it 

^ Galen (a.d. 131-200) atates that “ white lead and litharge thicken and dry".. 
— " De Meth. Med.," iii., 4. * 
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undergoes destructive distillation, it dissolves in the oil. In varnish- 
making and oil-boiling it is often found at the close of the operation 
reduced to metallic lead and the superincumbent oil, etc., has per- 
force been oxidised, j)ro rata. In such cases without doubt all its 
oxygen is seized hold of and absorbed by the “ boiling '* oil. Litharge 
assists in oil-boiling in three different ways : (1) It may combine 
with any free linoleic acid in the oil at a comparatively low tempera- 
ture to form linoleate of lead, which will dissolve in the oil under 
favourable circumstances ; (2) at a higher temperature it will elimi- 
nate glycerine from the oil and oxidise the latter to acrolein, and 
combine with the liberated linoleic acid to form linoleate of lead, 
which will again dissolve in the oil under favourable conditions ; 
(8) in the act of being reduced to metallic lead, it will part with its 
oxygen to the oil, and consequently by starting the oxidation process 
increase the drying properties of the oil. The drawback attendant 
on the use of litharge and all lead salts as driers is the dark colour 
which they impart to boiled oil, due no doubt to the dissolved lead 
linoleate. This dark colour is intensified by the great heat at which 
the oil must be kept for some considerable time before the litharge 
dissolves and plays its part. Another drawback attendant on the use 
of litharge and other lead salts is that the oil or varnish into which 
they enter cannot be used in conjunction with or in juxtaposition to 
pigments consisting of or containing sulphides liable to combine with 
lead compounds to form the black sulphide of lead. Sulphur emana- 
tions afft similarly. Paintings or decorations injured in this way may, 
it is said, be revivified by washing with a weak solution of peroxide 
of hydrogen, which converts the black sulphide of lead into white 
sulphate of lead without materially affecting the painting in any 
other way. But this is erroneous. Thenard only used it to restore 
a white lead background, in a black crayon drawing, of Eaphael. 
Such delicate colours as madder lake would be destroyed by hydro- 
gen peroxide. This black coloration is very often due to the free 
sulphur contained in the pigment, and not to the combined sulphur, 
which, looked at fr^m a rational point of view, must be regarded as 
more or less stable. On the other hand, linseed oil boiled over the 
naked fire with litharge •gives an elastic, durable coat of greater lustre 
and less susceptible to dry superficially than manganese-boiled oil. 
In a word, litharge-boiled oil is more of the nature of a varnish than 
manganese-boiled oil. 

The Pharmaceutical Society requirements for litharge are that : — 

“ It shall dissolve completely in dilute nitric acid (1 : 4) and also 
in acetic acid (B : P), and! ' shall give no characteristic reaction on 
being tested for copper, iron, and carbonates.” 

Twelve samples of litharge were obtained by Eemington from 
leading manufacturers of this ipaterial, and were analysed, with the 
follcAving results : — 
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lead and zinc sulphate until it will roll into pills, and then dissolved 
in spirits of turpentine. Another process consists in fusing 2 parts, 
of Manilla copal, which is then mixed with J part of linseed oil and 
6 parts of concentrated driers made by one of the formulae given 
above, after which the whole is incorporated with 14 parts of spirits 
of turpentine. The bulk of the paste “ patent driers ” used in the 
trade consist of 90 per cent, or more of a mixture consisting of equal 
quantities of chalk, “ Paris white,” and barytes, and about 10 per cent, 
or less of actual driers. When it is desired to prevent the paint from 
cracking, very good results are obtained by using spirits of turpentine 
which has simply been shaken up with litharge and decanted. A 
liquid is thus obtained which does not affect the colour, and which 
also gives a very durable coating. 

Hannay’s glycl lead linoleates and basic lead linoleates, made by 
dissolving about 2 parts (by weight) of litharge in 1 part ot linseed 
oil at as low a temperature as practicable, should make excellent 
driers either per se or in turps or benzene. 

The Manufacture op Driers. 

The principal substances used as “ driers ” or aids in oil-boiling 
are metallic lead, Pb = 207, oxides and salts of (A) lead, (B) manga- 
nese, and (C) cobalt. 

Lead Compounds Used as Driers} — (1) Litharge; (2) red lead: 
(3) acetate or sugar of lead; (4) lead borate; (5) lead rosinate ; (6) 
lead linoleate, and either of the last two or both mixed with either 
manganese rosinate or linoleate or with both. 

1. Lit]Lar(je,VhO = 223 ; Pb = 92*83 ; 0 = 7*17 percent. Manu- 
facture . — When metallic lead is heated in a current of air, it is oxidised 
into massicot, PbO(Pb + 0 = PbO 207 -f 16 = 223). 207 parts of 
oxidised lead yield 223 of massicot. When this massicot is further 
heated, it fuses, and the fused product after cooling is known as 
litharge, or, from its scaly nature, as flake litharge. It does not, 
however, undergo any chemical change. When buying litharge for 
use as a drier, it should be guaranteed free from massicot, also copper, 
which is often present in considerable quantity, and acts injuriously. 
Moreover, it should not contain unconverted metallic lead nor sand 
nor silver. 

Properties. — Litharge should dissolve completely in dilute nitric 
acid and in acetic acid to a colourless solution. A green coloration 
would indicate copper. Any residue in either'of these acids will con- 
sist, most probably, of sand or grit, or possibly of lead peroxide (PbO.J ; 
acetic .acid may leave a residue of non-oxidised blue lead. When 
litharge is heated with linseed oil for some time at the temperature 
at wh’ch that oil is said to “boil,” but, more properly, at which it 

^ Galen (a.d. 131-200) atates that “ white lead and litharge thicken and dry".. 
— " De Meth. Med.," iii., 4. * 
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For metallurgical determinations the litharge used should of 
course he free from silver. 

2. Bed Lead Minium, 2PbO, PbO^ = Ph 304 == 685 ; Pb = 90*2 ; 
0 = 9*8 per cent. Manufacture. — Bed lead Pb^O^ is made by heat- 
ing litharge in contact 'with air at 300^ C., a temperature slightly 
below its point of fusion. The litharge should be free from copper. 
It gradually becomes converted into a fine red known as red lead. 
The manufacture of red lead is a Derbyshire industry, and the pro- 
cess of the present day differs in no essential particulars from that 
described so vividly by Bishop Watson 125 years ago. A variety 
of red lead, made by igniting white lead, is sold as orange lead. 
Although dearer in price it is no more efficacious as a drier than 
ordinary red lead. It always contains undecomposed carbonate. 

Composition. — The red leads of commerce differ in composition 
according to the length of time they have been furnaced. However, 
the proportion of oxygen absorbed by the litharge never exceeds that 
which corresponds to the formula 2PbO, PbO .2 = Pb^O^. When red 
lead is heated it darkens, and then, at a temperature above 300° C., 
it gives off oxygen, becoming reconverted into litharge. Test for 
Purity. — When red lead is treated with nitric acid the two equi- 
valents of PbO are dissolved as nitrate of lead, leaving the Pb02 
behind as a puce-coloured residue which is perfectly insoluble in 
nitric acid, and only dissolves in dilute nitric acid after it has been 
reduced by the addition of oxalic acid. When this reagent is intro- 
duced #nto the test tube, containing the nitric acid and red lead, 
vigorous action ensues, the whole of the puce-coloured oxide being 
converted into white crystalline nitrate, to which it is only necessary 
to add a little boiling water for complete and instantaneous solution. 
Any residue remaining is generally barytes. Sophistication with 
ground brick is only met with in books. Bed lead containing more 
oxygen perhaps in a more available state, is a more energetic drier 
than litharge, and its function as a drier is similar to what it plays 
in a storage battery. 

Other Uses. — Besides its use as a drier, red lead is used in the 
manufacture of matches, wall paper, sealing wax, crystal glass; 
mixed with white lead in oil it is used to form a cement for steam 
joints. Bed lead “ substitutes ” are of little or no use as driers. 

N.B. — 2a. Peroxide of Lead, — The puce-coloured peroxide of 
lead neither acts as a drier nor a catalyst in regard to linseed oil. 
It retards drying and this fact is an insuperable stumbling-block to 
the peroxide theory of oil-boiling. This inertia may quite easily be 
explained by assuming that the affinity of the peroxidic oxygen for 
lead monoxide is greater than for oil. 

The Use of Bed Lead as a Paint Material— It is interesting to 
know how a substance used as a drier behaves as a paint when 
groimd in oil. Bed lead is*regarded as one of the best, as shown in 
the Havre de Grace bridge tests, but to come to a correct conclusion 
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it is necessary to know the composition of the paint and also that of 
the red lead employed. It has been maintained that a red lead con- 
taining 95 per cent, of Pb 5{04 yielded the best protective paint, but 
from experiments carried out by the Institute of Industrial Besearch 
at Washington this does not appear to be the case, better results be- 
ing obtained with those containing only 8G to 90 per cent., and the 
specifications of the United States Navy have now been altered ac- 
cordingly. Gardner is of opinion that pure red lead does not react 
appreciably with linseed oil, and therefore the paint remains soft for 
a considerable time, a certain proportion of litharge must be present 
in the pigment to react with the oil and form a hard and durable 
film. This litharge must be in the pigment when it is manufactured, 
as no amount of mixing would suffice to incorporate litharge with 
red lead after it had been made. A new orange mineral which has 
recently been placed on the market is a fume pigment so flocculent 
that it occupies double the volume of red lead and yields a paint 
which is extremely smooth, durable, and elastic. This pigment is 
extremely suitable for reducing para reds for pigment manufacture. 
Ordinary red lead is crystalline, when the crystals are broken up by 
grinding it turns yellow ; so delicate are these crystals that 10 per 
cent, of barytes cannot be added to red lead without reducing the 
colour a hundred fold. 

3. Lead Acetate (Neutral), Pb(C 2 H.p 2)2 + SHjjO. Sugar of Lead. 
Molecular Weight 379. — This salt was formerly known as salt of 
Saturn, or sugar of Saturn. It is prepared by neutralising acetic 
acid with litharge. It crystallises in oblique rhomboidal prisms, 
colourless, transparent and efflorescent. It is generally met with in 
the form of heavy compact crystalline masses, somewhat resembling 
loaf-sugar. Its odour is acetous, whilst its taste is both sweet and 
astringent, its after taste is bitter and disagreeable. It dissolves in 
^ part of cold water and in 8 parts of alcohol. Its solution slightly 
reddens blue litmus paper, and is partially decomposed by carbonic 
acid, which at the same time liberates a small quantity of acetic acid, 
which preserves the rest of the salt from the action of carbonic acid. 

Action of Heat on Lead Acetate. — Crystallised acetate of lead 
melts at 75'5° C., at 100° C. it loses water jind a small quantity of 
acetic acid. It afterwards solidifies, but towards 280° C. it again 
melts. The dehydrated salt would appear to consist of a sesquibasic 
acetate. At higher temperatures it decomposes with disengagement 
of carbonic acid, acetic acid and acetone, leaving a residue of very 
finely divided and highly combustible metallic lead. Lead acetate is 
a very energetic drier ; perhaps much of the metallic lead found by 
varnish-makers at the bottom of their pots may come from the com- 
plete reduction of the acetate and not from the litharge often used in 
conjunction with it. 

3a. Basic Lead Acetate. — The so-called neutral lead acetates just 
described results from the combination of two equivalents, i.e. 120 
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parts of monobasic acetic acid with one equivalent, i.e. 223 parts of 
the di-acid base litharge. When two equivalents of a monobam acid, 
e.g. acetic acid, combine with one equivalent of a di-acid base, e.g. 
litharge, a neutral or normal salt is produced. But it is found in 
actual practice that certain neutral or normal salts, in their state of 
solution in water, can still dissolve and combine with a further pro- 
portion of base. Thus when one equivalent of neutral acetate of 
lead is dissolved in water, it combines on boiling with an additional 
equivalent of litharge to form the di-basic salt, PbA2Pb(HO)2, basic 
acetate of lead. By digesting together one equivalent of sugar of lead 
with two equivalents of litharge the tribasic salt, Pb(A)22Pb(HO)2, is 
produced. These basic acetates, owing to the fact that their excess 
•of litharge, or, rather, lead hydrate, PbO, H^O, is in a loose state of 
combination, easily give up this excess to weak acids, even carbonic 
acid, as exemplified in the manufacture of white lead. Should raw 
linseed oil contain free “linoleic acid,” agitation with a solution of 
basic acetate of lead will convert the former into linoleate of lead, 
and if the agitation be renewed from time to time this linoleate of 
lead will dissolve to some extent in the oil, imparting drying pro- 
perties thereto, whilst the insoluble magma produced by the action 
•of the basic acetate on the colouring matter and mucilage collects as 
an insoluble slime at the bottom of the vessel. Such is the principle 
•of the refining of linseed oil by Liebig's method and the imparting 
of drying properties thereto in the cold by means of basic acetate of 
lead, a^substance the utility of which is not appreciated either by the 
varnish-maker or colour-maker to the extent to which its intrinsic 
merits entitle it. 

4. Lead Borate, Pb(B03)2 + = 310'8. — Precipitated borate 

■of lead is a white substance made by precipitating the boracic acid 
in 382 parts (i.e. one equivalent) of borax (NaoB^O- -}- 10 aq.) by one 
equivalent of a lead salt — that is to say, 331 parts of nitrate of lead 
Pb(N03)2or 379 parts of neutral acetate of lead (Pb(C2H302)2 + 3 aq.). 
The mother liquor is filtered off, the precipitate is well washed, filter- 
pressed, and dried in the usual way. This substance combines the 
drying properties o^ both lead and boric acid. It is said not to darken 
the oil to quite the sanqe extent as other lead driers, but a sample in- 
spected by the author was the darkest sample of boiled oil he ever 
•saw. Possibly the darker colour was due to the operator. Meurant, 
German patent 223,754, prepares lead borate for use as a drier by 
fusing boric acid and litharge together in molecular proportions. 

5. Bosinate of Lead . — The first stage in making rosinate of lead, 
•erroneously termed resinate of lead, is the preparation of an alkaline 
solution of rosinate of soda. Eosin being an acid of variable degrees 
of acidity, different samples require different proportions of caustic 
alkali for neutralisation. The best plan is to add rosin gpdually 
with constant stirring to a very dilute boiling solution oD caustic 
alkali of known strength until the latter is exactly neutra^d. 
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Starting from the data that every 62 parts of anhydrous sodium 
oxide (real alkali) present in solution as rosinate of soda require for 
complete precipitation one equivalent of a lead salt, viz. 379 parts 
lead acetate or 330 parts lead nitrate, and knowing the original bulk 
of the alkaline solution used and its richness in real alkali, as deter- 
mined by the hydrometer and the usual tables, it is easy to calculate 
the amount of lead salt necessary to displace the soda in the solu- 
tion ol alkaline rosinate by lead, and thus throw down all the rosin 
as rosinate of lead. 

The dilute solution cf the proper proportion of lead salt is gradu- 
ally added with constant stirring to the equally dilute solution of 
alkaline rosinate ; the mother liquor is syphoned off, the precipitated 
lead rosinate, which is further well washed, drained and dried. It 
may be heated to incipient fusion to expel water. 

6. Linoleate of Lead . — Linoleate of lead is made by precipitating 
a solution of linseed oil soft soap, made by saponifying linseed oil 
with caustic potash in the usual way. 100 lb. of linseed oil on an 
average require 19-^ lb. of pure caustic potash, equal to 16^ lb. ot 
an ydrous potassic oxide, for complete saponification (see Sap. 
Numbers], Caustic potash is sold as containing so much per cent, 
of anhydrous caustic alkali ; when pure it contains 83’9 per cent. 
It is, therefore, a mere matter of calculation, if 100 lb. of linseed oil 
require 19.J lb. of caustic potash, when the strength is B3‘9 per cent., 
to find how much will be required for complete saponification when 
the str ngth is 80 (or any other figure) per cent. The soap ‘is dis- 
solved in five or six times its weight of water, and the linoleic acid 
precipitated therefrom by a dilute solution of a lead salt. The exact 
proportion of lead salt for complete precipitation depends upon the 
amount and the strength of the caustic alkali used. I12'2 parts of 
pure caustic potash, equal to 94*2 parts of anhydrous potassic oxide, 
require one equivalent of a lead salt, say 379 parts lead acetate or 
330 parts lead nitrate. The lead salt solution is added gradually to 
the soft soap solution with constant stirring. The mother liquor is. 
syphoned off the precipitated lead linoleate, which is then further 
washed, drained and dried. Heat after drying to'incipient fusion to 
expel last traces of water. ^ 

Pyrolusite. Peroxide of Manganese, MnOg.— This is the oxide 
which most commonly occurs native, and is resorted to as the source 
of the other combinations of this metal. In this country it is common 
in Devonshire, Somersetshire, and Aberdeenshire. It is found in 
^variety of forms : compact and massive, pulverulent and crystallised, 
a viv of the latter varieties have a grey metallic lustre, and are found 
varriisdy radiated, and in rhomboidal prisms. Its specific gravity 
plete rtetween 4*8 and 4*9. It is the pyrohisite ^ of mineralogists, 
conjui 

3a. “ ~ ^ loosen : from the facility with wiiicl^part 

j is expelled by heat: or, according to Graham, from irvp and \ovtip ta 

^ its use in discharging the colour of glass. 
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The following analyses of five samples of native peroxide of 
manganese are given upon the authorities of Berthier (I., II., III.),. 
Klaproth (IV.), and Turner (V.). 

ANALYSES OF NATIVE (PEROXIDE OF MANGANESE) PYROLUSITE. 


Peroxide of manganese 
„ „ iron 

Oxide of copper 
Carbonate of lime . 
Silica 
Baryta . 

Water . 


I. 

II. 

III. 

IV. 

V. 

93-8 

84-0 

72*7 

99*5 

97*8 

1-0 

2-0 

1*0 

0*0 

0*0 

trace 

trace 

trace 

0*0 

0*0 

0-0 

9-0 

24*0 

0*0 

0*0 

4-0 

4-0 

1*2 ! 

0*0 

0*5 

0-0 

0*0 

0*0 

0*0 

0*6 

1*2 

DO 

1*1 

0*5 

1*2 



100*0 

100*0 

100*0 

100*0 

100*0 


Under the name of mantfayme, this substance is met with in com- 
merce, and is largely consumed in the manufacture of bleaching, 
agents. In the laboratory, it is resorted to as a source of oxygen 
gas, 2 Mn 02 = Mn^Ojj +0, for which purpose it should be well 
dried previous to introducing it into the retort : sometimes it is mixed 
with carbonaceous matter, and then yields carbonic acid : it also- 
generaMy gives off a little nitrogen upon the first application of heat„ 
the source of which is not obvious. Carbonate of lime, silica, oxide 
of iron, and some other substances, are, as the above analyses 
indicate, not infrequently present, and lower its value p'o rata 
associated with it. In the arts it is used to give a black colour to 
earthen-ware, and to remove the green colour which glass derives 
from protoxide of iron ; for this purpose it is added in such quantity 
only as to peroxidise the iron, by becoming itself protoxide, and 
neither the peroxide of iron nor the protoxide of manganese, which 
remain, materially interfere with the colour of the glass : in this case, 
MnOjj, acting on 25’eO, produces MnO and Fe^Og. A little excesa 
of oxide of manganese is apt to give the glass a pink tint, which as is 
sometimes seen in plate glass windows, does not appear till after 
long exposure to light. This oxide is also said to sweeten foul water^ 
or to prevent its becoming putrid. It usually loses weight (water), 
on being dried at a temperature not exceeding 300°; at a red-heat it. 
becomes sesquioxide ; and, intensely heated in an iron tube, or with 
a minute quantity of carbonaceous matter, part of it becomes pro- 
toxide. It is not altered by air or water. It is a good conductor of 
electricity. It forms no combinations with the acids ; but such of 
them as appear to dissolve it, reduce it to the state of protoxide. 
Gently heated with hydrochloric acid, chlorine is liberated, in 
consequence of the decomposition of the acid by the oxygen of tha 



oxide. MnOg + 4HC1 MnClj + 2 H 2 O + Clg. Boiled with sul- 
phuric acid, oxygen is evolved, and a soluble sulphate of the protoxide 
is formed, [MnOg + SO 3 = MnO, SO 3 + 0 ], together with a small 
portion of manganic acid, (which gives the solution a pink colour 
and bleaching properties ?) Nitric acid does not attack it unless it 
oontains sesquioxide, or some deoxidising agent be at the same time 
present. Many vegetable acids decompose it by the aid of heat. 

As binoxide of manganese is extensively used by the bleacher, 
■and as it occurs of various degrees of purity in commerce, a ready 
mode of determining its value, or in other words, the quantity of 
oxygen per cent, which it contains, is desirable : this may be effected 
in various ways, but it is generally attained by ascertaining its 
power of decomposing hydrochloric acid and evolving chlorine : to 
this end the oxide to be tested is mixed with hydrochloric acid, and 
heated, and the evolved chlorine is received into a jar containing 
lime diffused through water, by which a chloride of lime is formed ; 
the quantity of chlorine is then determined by the process already 
described. Other modes of testing this oxide have been suggested 
(see Kane's “ Elem. Ch.,” 580. Graham, 536. Levol, “ Chem. Gaz.," 
April, 1843). 

Pure peroxide of manganese is sometimes useful as a test of the 
presence of iodine, bromine, and chlorine ; when mixed with a salt 
■containing iodine, and the mixture heated with a little sulphuric 
acid, the violet vapour of iodine is evolved ; the salts of bromine give 
in the same way a brown vapour ; and from the chlorides chlbrine is 
evolved. 

Sulphate of Manganese. Manganous Sulphate. — This beautiful 
rose-coloured salt is formed, ( 1 ) by dissolving the protoxide or proto- 
carbonate in dilute sulphuric acid, and evaporating ; (2) by mixing 
peroxide of manganese into a paste with sulphuric acid, and heating 
it for some time to dull redness ; oxygen is evolved, and the dry mass 
washed with water affords a solution of the sulphate of the protoxide, 
which may be crystallised by evaporation. This salt is much used 
in dyeing and calico-printing, for which purpose it is prepared by 
•“igniting" peroxide of manganese mixed with about one-tenth its 
weight of pounded coal in a gas retort. A little HCl is added towards 
the end of the operation. The protoxide thus formed is dissolved in 
diluted sulphuric acid with the addition at the end of a little hydro- 
chloric acid ; the sulphate is evaporated to dryness, and again heated 
to redness in the gas retort ; the iron is found, after the ignition, in 
the state of peroxide, and insoluble, the persulphate of iron being 
decomposed, while the sulphate of manganese is not injured by the 
temperature of ignition, and remains soluble. The solution is of an 
Amethystine colour, and does not readily crystallise. When cloth 
is passed through sulphate of manganese and afterwards through 
a caustic alkali, protoxide of manganese is precipitated upon it^and 
j^apidly becomes brown in the air ; or it is at once peroxidised 



passing &e cloth through a solution of chloride of lime. The colbiir 
thus produced is called ’manganese brown (Graham). 

Sulphate of manganese, as obtained by, gentle evaporation from 
the neutral solution, forms rhombic prisms which contain 4 atoms 
of water. When the crystals are formed between 45° and 68 F. 
they contain 5 atoms of water, and are isomorphous with sulphate of 
copper; and when formed under 42° F. they include 7 atoms of 
water, and are isomorphous with sulphate of iron (Mitscherlich). 
And lastly, when a concentrated solution of sulphate of manganese 
is mixed with sulphuric acid, it yields on evaporation small granular- 
crystals containing only 1 atom of water. The solubility of sulphate 
of manganese varies with its water of crystallisation ; but, according 
to Brandes, the anhydrous salt is soluble in 2 parts of water at 
60° F. and in its own weight at 122° F. ; at a higher temperature its 
solubility diminishes. It is insoluble in alcohol. The taste of sul- 
phate of manganese is styptic and bitterish, and the crystals have 
generally a slight tinge of pink. At 240^ F. they lose 3 atoms 
of water, but retain 1 until heated above 400° ; at a red*heat the 
salt becomes anhydrous, and in that state consists of the mono- 
hydrated salt MnSO^ +H 2 O = 169, which is greyish-white in 
colour, and is the starting-point of the manufacture of all man- 
ganese driers. t j 

Manganese Acetate.-Thm salt is manufactured by double 
decomposition between acetate of lime and sulphate of manganese 
in equiypilent proportions. 

The reaction is as follows : — 


Ca(5), + MnSO. = CaSO. + Mn(i),. 

Calcium acetate Manganese sulphate Calcium sulphate Manganese acetate 

The brown acetate of lime may be used. A solution of acetate 
,f manganese marking 22» Twaddell, specific gravity lllO is used 
n oil-boiling by steam in thfe proportion of 36 gallons to 10 tons of 
,il in conjunction with a small quantity of lead dners the greater the 
jroportion of whictf the darker is the resultant boiled oil (see Vm- 
sent’s process of oil-boiUng by steam, for which process this drier 

of Manganese— A-ny sulphates or chlorides, 
svhich may be present in small quantities are determined. If the 
hydrated oxide does not contain a large quantity of Pew^de of 
mMganese, it is worthless, and points to faulty waskng. One or 
two per cents, of lime are harmless, larger qua^itaties injimous., 
the Mn content, the available oxygen is also determined. 
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Mu. 

Avail- 
able 0. 

Mu02. 

Mn 203 . 

MnO. 

Oxides 

of 

Man- 

ganese. 

Hydrated peroxide of man- 
ganese .... 

A 

38-11 

10-14 

49-37 

10-43 


,59-80 

Hydrated peroxide of man- 
ganese .... 

B 

53-67 

10-87 

33-33 

46-82 


80-16 

Hydrated oxide of man- 
ganese .... 

C 

44-05 

11-05 

50-51 

17-41 


67-92 

Hydrated oxide of man- 
ganese .... 

D 

51-31 

8-59 

12-23 1 

62-60 


74-83 

Hydrated oxide of man- 
ganese .... 

E 

52-63 

5-65 


54-83 

18-66 

73-49 

Hydrated protoxide of man- 
ganese .... 

F 

51-70 

5-32 

“ i 

52-54 

19-52 

72-06 


Manganese Borate . — This is prepared by precipitating a solution 
of 382 parts, i.e. one equivalent of borax, Na^B^OJOaq., with 169 
parts, i.e/one equivalent of the monohydrated sulphate of manganese, 
MnS04, 11.^0. The sulphate of manganese should be free from iron 
and the borax from excess of alkali. The iron may be removed from 
the sulphate by roasting the sulphate and redissolving. If the chloride 
be used enough soda is added until the precipitate becomes white and 
the filtrate precipitated by borax. The excess of alkali may be 
neutralised by the addition of the requisite quantity of boracic acid. 
Precipitation should be effected in the cold. This substance, when pure 
and skilfully prepared, is a perfectly white powder, but w^hiteness is 
not a guarantee of purity, as it is often most grossly sophisticated with 
sulphate of lime, zinc oxide, etc. More samples contain lime either 
as borate or sulphate ; a few per cents, does no harm if the borate is to 
be used for oil boiling. Where a high Mn content is indispensable 
a larger quantity is injurious. But such a drier may still be used for 
powdered siccatives where the drier mixed with a large bulk of inert 
matter is added direct to the paint. It is sometimes very unskilfully 
prepared. Some commercial samples submitted to J. G. McIntosh 
for analysis consisted of mere mechanical mixtures of sulphate of 
manganese and borax almost entirely destitute of drjdng power. 
Endemann and Paisley found the followmg percentages in four 
samples : — 

1. Boric acid, 39*3G; manganous oxide, 12’00 


2. „ 

„ 40-18; 


16-19 

3. „ 

„ 37-38; 


„ 31-06 

4. u 

„ 11-09; 

II 

„ 0-43 


This salt is also made by acting on borax with manganous chloride 
and is supposed to be represented by the formula MnB40-, but the 
washing with water to get rid of the sodium chloride partly decomposes 
it, and the salt is apt to turn brown from oxidation. Many nlllanu- , 
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facturers use a large excess of borax, and simply drain the precipitate 
without washing it. It often contains therefore 10 to 20 per cent, of 
sodium sulphate or sodium chloride. In the above analyses No. 3 
was a washed product which had been bleached with sulphate of 
sodium. No. 4 contained rosin. When manganous sulphate is used 
in the manufacture of borate of manganese the yield is less than with 
the chloride, as the sodium sulphate dissolves the manganese borate. 
Weger found the Mn content to vary greatly, 22 per cent, of Mn 
being the highest in the white article. The composition is not 
MnB^Oy but more likely 2MnO . SBgOj . 3H.p. By reacting on man- 
ganous sulphate with the equivalent quantity of borax Endemann 
and Paisley obtained precipitates which, in two cases, contained 
26*78 and 28*82 per cent, of manganous oxide and 42*36 and 39*69 
per cent, of boric oxide (B 2 O 3 ). If the salt were MnB^O^ the 
amounts of B.^Og for these two percentages of manganese should 
be 52*8 and 56*8 per cent, respectively. They recommend the 
following process for the manufacture of borate of manganese : 
Manganous chloride is precipitated with borax mixed with enough 
caustic soda to double the amount of soda present. The precipitate 
is washed twice with a little water. The loss of boric acid is found by 
analysing the wash water, and is replaced by mixing solid boric acid 
with the nearly dry precipitate, and diying the mixture thoroughly. 
It may then be regarded as MnBp^, with either three or five mole- 
cules of water. Borate of manganese prepared in this way gave 
capital^results as a drier. 

Manganese Oxalate. — Manganese oxalate is made by precipi- 
tating a solution of oxalate of soda by a manganese salt. In boiling 
the oxalic acid of the manganese oxalate is decomposed with evolution 
of CO 2 , etc. Very energetic oxidising properties are claimed for the 
residual manganese. 

Glycerinated Borate of Manganese as a Drier. — H. Kutgers acts 
on the principle that manganese borate dissolves in glycerine, and 
less drier need be used when such a solution is added to linseed oil. 

Manganese Nitrate.— kmongst other inorganic manganese salts 
the nitrate is the b#st ; when added to hot linseed oil it decomposes 
with separation of an oxide, the gaseous particles of which convert the 
oil at 150° to 170° C. into a boiled oil. 

The only organic acid salt of manganese used as a drier in actual 
practice is the acetate which is used in aqueous solution in oil boiling 
by steam, the high price of which is compensated by the small 
amount required. 

Maiiganese LmoZeaie.— Manganese linoleaj/e is made in the 
same way as lead linoleate, A linseed oil soft ^ap is precipitated by 
a solution of the monohydrated sulphate of manganese, 169 parts of 
which, or one equivalent, are equal to 112*2 parts, or two equivalents 
of ppre caustic potash which contain 83*3 parts of anhydrous potassio 
oxide (the percentage of real alkali contained in pure caustic potash), 
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and as 100 parts of linseed oil require 19-J parts of pure caustic potasb 
for complete saponification, it is easy to make the necessary cal- 
culation when working with potash of any strength different from 
the pure, viz. 83*3 per cent, of real alkali. Or potash lye of a certain 
gravity may be kept in stock, and its richness in real alkali ascer- 
tained from the customary tables and the gravity as indicated by the 
hydrometer. For 100 lb. of linseed oil caustic potash equal to 
16| lb. of real alkali must be used, starting initially with a weak 
solution and finishing with a more concentrated. The soft soap of 
commerce contains about 50 per cent, of water, and though often 
made from linseed oil is not invariably so, and, moreover, it is grossly 
adulterated with starch, silicate of soda, and so on. The varnish- 
maker who makes his own driers should, therefore, make also his 
own soft soap. Manganese linoleate is precipitated, washed, pressed 
and dried in the same way as lead linoleate. 

liosinate of Manganese . — Eosinate of manganese is made in 
the same way as lead rosinate ; for every 80 parts of pure caustic 
soda (containing 62 parts of pure anhydrous alkali sodium oxide) 
present in the solution of rosinate of soda, 169 parts of moiiohydrated 
sulphate of manganese are required for precipitation. Mixed rosin- 
ates of manganese and lead and mixed linoleates of manganese and 
lead, as well as mixed rosinates and linoleates of both lead and 
manganese, can easily be made in the wet way, e.g. : The latter 
mixed drier is made thus. Saponify equal weights of rosin and 
linseed oil and precipitate by a solution of a mixture of the acetates 
or nitrates of manganese and lead in molecular proportions, or the 
manganese salts may be precipitated by MnSO^, and the mother 
liquor Na^SO^ filtered off and then the lead salts precipitated by 
Pb(A)^,. This complex product after fusion and solution in turps 
is a fine drier. It can of course after fusion be dissolved in linseed 
oil. 

Fused rosinates and linoleates are made by dissolving the oxides 
of lead and manganese in rosin or in linseed oil respectively. The 
proportions may be calculated as follows : As the atomic weight of 
KHO 56'1 is to the saponification value of the rosin or linseed oil, 
say, 17'0 and 19*5 per cent, respectively, so is half the atomic weight 
of litharge llTfi and manganese dioxide 43-5 to the amount of 
litharge or manganese required per cent. Commercial raw materials 
are often grossly adulterated. 

Although the above is correct in theory, practice determines that 
rosin in a state of fusion is incapable of absorbing the above mentioned 
oxides sufficiently for total saturation of its acid content. Indeed, the 
working quantities are far below those of the theoretical figures, as. 
the following must prove : — 
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♦TABLE SHOWING APPROXIMATE ABSORPTION BY ROSIN OP LEAD 
AND MANGANESE OXIDES. 


Product, 

Rt>sin, 
Parts by 
Weight. 

Litharge, PbO, 
Parts by 
Weight. 

Manganese, MuO^, 
Parts by 
Weight. 

Lead rosinate 

100 

12 


Manganese rosinate 

100 

— 

6-6 

Lead and manganese rosinate 

100 

. 6 

2 


Rosinates of Manganese and Lead , — The true rosinates of man- 
ganese and lead are made not by saponifying rosin but by saponify- 
ing such hard resins as copal by caustic soda and reprecipitating by 
a salt of lead or manganese. They form interesting compounds, but 
they are even more intractable as far as solution in oil is concerned 
ithan the original resins (not rosin) from which they are derived. 

In I 89 I F. H. Thorpe determined the effect of temperature and 
•of various driers on linseed oil during boiling. 

He used Calcutta raw linseed oil. It was a very pale yellow 
•colour, and cold pressed. In each experiment 50 c.c. was used, 
put into a tube of thin Bohemian glass, and plunged with several 
•others into a sand-bath, the sand reaching half-way up the con- 
tents of the tube. During boiling the contents of ihe tubes were 
•stirred. The drier, before being introduced into the oil, was rendered 
anhydrous. The best results were got by heating the sand-bath up 
to between 230° and 275^' C. (446° to 527° F.). After heating, the 
•quality of the oil was assessed by covering small plates of glass with 
it and allowing it to dry in a ventilated room. The varnish was con- 
•sidered dry when it could be touched without leaving finger-marks 
upon it. The table on p. 322 gives the results obtained. Some of 
them do not seem altogether in accordance with results obtained on 
ihe large scale. But results obtained by heating tubes in sand can 
hardly be regarded as comparative. Again, the influence of mass in- 
•oil boiling makes itself felt as in other chemical operations. Mere 
laboratory experiments can only serve as a rough guide. 

Davidson in his report of wWt was practically a repetition of the 
above experiments in a cCpper dish claims, but in nowise proves, that 
he dissolved 2 per cent, each of litharge, red lead, and lead acetate 
in the oil in 20 minutes at 250° C., without finding any metallic 
residue, any metallic oxide residue, nor other insoluble ! He gives 
no analysis of the boiled oils, and his statement, which flatly con- 
tradicts the practical experience of thousands of others, must be 
•taken with more than the usual amount of reserve and caution 
ifor any credence to be given to Davidson’s assertion. Lead driers 
leave a residue of metallic lead on the bottom of the pot. 

The Manufacture of Rosinates and Linoleates . — ^The manulac- 
vifcure of metallic rosinate driers affords ^ good opportunity of showing 
VOL. I. .21 
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24 

Colourless. 

200 
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Litharge 


Peroxide of lead 

Chloride „ 
Red lead 
Oxalate of lead 

Tartrate ,, 
Acetate ,, 
Borate ,, 
Carbonate „ 
Oxide of zinc 
Sulphate „ 


Citrate ,, 

Acetate of manganese 
Borate „ 

Sulphate „ 

Oxalate ,, 

Acetate ,, 

Borate „ 

Acetate ,, 

Oxalate ,, 

' Sulphate „ 

I Oxalate ,, 

I Citrate ,, 

! Tartrate ,, 

! Formiate ,, 


THE AMOUNT OF METALLIC OXIDE ACTUALLY DISSOLVED AND 
HELD IN SOLUTION PER GENT. BY CERTAIN OF (1) THE LEAD 
AND (2) THE MANGANESE BOILED OU^ 

, ' Lead on Manganese per Cent. 

I Quantity 

! Drier. ^ Found. 

Drier. Calcii- 

i I. I II. 


Lead carbonate . 

„ acetate 
Litharge 
Lead borate . 
Manganese sulphate 
„ borate 

„ acetate , 

„ tartratej- 

J 


1-197 2-030 1-392 1-477 

1-466 2-230 1-396 1-388 

0- 200 0-406 0-244 1-338 

1- 105 2-030 0-982 0-998 

1-720 1-870 0-046 Q-038 

1-620 2-060 0-208 0-190 

0‘500 0-347 0-248 0-080 

1-500 0-670 0-049 0-043 
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the poor place taken by Germany in oil colour tiade progress. In 
no department of chemical industry as in the oil and colour trade 
is the absolutely false idea so prevalent that we owe any great im- 
provement to Germany and the Germans. All our knowledge about 
driers, their methods of manufacture, and the principle of their use 
has for several decades been credited to Germany, whereas the 
knowledge, if not our own, comes to us direct from France. Ger- 
many has not made one single improvement in the industry since or 
before it became an Empire — since or before 1870. Chevreul,) a 
Frenchman, Jean, another Frenchman, and Barruel, another French-, 



Fig. 81 .— Steam-jacketed pan for use in making rosinate of soda, rosin soap, and 
fitted with revolving chain agitator. 

• 

man, and Zinckowicz, evidently a Polish refugee living in Paris, all 
knew as much or more aleout driers and their catalytic actions and 
functions than any German does at the present day. Jean and 
Barruel and Zinckowicz were experts in the use of borate of man- 
ganese. So also was our own Vincent, who boiled oil by steam in 
Milford Lane, Strand, prior to 1870 with a manganese cum lead 
, drier. 

All German books on oils are conspicuously silent on the fact 
that both rosinate and borate driers originated in France, and were 
the invention of the Polish refugee Zinckowicz. Be it well under- 
stood jihat this Zinckowicz made borates, benzoates, and urobenzoates 
; (hippurates) of not only manganese, but also of nickel and cobalt. 
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The renaissance of cobalt driers, half a century after Zinckowicz, 
was hailed as the advent of new and hitherto unknown driers, and 
again put down to the Germans ! 

Benzoate of Cobalt. Zinckowicz s Method of Preparation. — Ben- 
zoic acid is dissolved in boiling water, and the stirred liquor is 
gradually mixed with powdered cobalt carbonate until all effervescence 
ceases, and blue litmus does not turn red in the liquor. The excess 
of carbonate is separated by filtration, the liquor is evaporated to 
dryness, and the heating is continued until the salt has lost all its 
water and has become of a light brown colour. Zinckowicz evidently 
knew that hjdrated organic driers do not dissolve in oil. The salt 
thus prepared is an amorphous hard and brownish material, which 
may be powdered like rosin, and which may be kept in the pulverulent 
state in any climate simply folded in paper. The Mn drier presents 
nearly the same physical characteristics as the cobalt salt ; applied 
under the same conditions, it dries a little more rapidly and a little 
less is needed. The benzoate of manganese is prepared in the same 
manner by substituting MnCO.j for CoCO^. An experiment by 
Zinckowicz with this drier showed that in the ratio of 3 lb. to 1000 
lb. of linseed oil mixed with about 1200 lb. of zinc white, a piece of 
painting was dried in from 18 to 20 hours. The temperature was 
relatively cold and wet and between 12 ° and 15° C. 

Cobalt Borate. — A soluble salt of cobalt ; the sulphate, for instance, 
is dissolved in cold water, and this solution is precipitated by a cold 
one of borax. The precipitated borate of cobalt is collected on cloth 
filters, washed with cold waier, and dried in the air. 

The chief, if not the only acid existing in common rosm, is a di- 
basic acid which has been termed sylvic, pimaric, and abietic acid, 
and different observers have ascribed to it different formulae and 
different molecular weights. Mach gave it the formula C,yH 280 . 2 , 
with the molecular weight of 288. On the other hand, Fahrion 
named what he claims to be the same acid, sylvic acid, with the 
formula C 20 H 3 QO 2 , with the molecular weight 302. As the acid of 
rosin is dibasic, i.e. its displaceable hydrogen requires 2 atoms of 
a monad metal to replace it, it follows that 112'2 parts of KHO are 
required to saturate 1 molecule of the free acid m rosin. But 
there are other substances in rosin besides its free acid, which con- 
sume potash before complete saponification occurs, viz. rosin ethers. 
So the saponification number of rosin is always higher than its 
acid number. 

Manufacture of Bosinates. — The first stage in the manufacture of 
rosinates is the manufacture of rosinate of soda, and if too little or 
too much alkali be used to saponify the rosin, the soluble drier made 
from such rosinate of soda will be liable to contain free rosin on the 
one hand, or an excess of base on the other. When carbonate of 
soda is used in excess, the carbonate of the metals forming the 
rosinates or linoleates is precipitated on to the rosinate or linoleate. 
As the precipitated carbonates of lead and manganese are both'^ 
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snergetic driers, possibly little harm is done by a slight excess. 
When oa-ustic soda is used, any excess of the latter combines with 
ihe metal of the precipitating salt to form a hydrate, and here again 
little, if any, injury is caused to the resultant drier. The first thing 
to do, therefore, is to determine the saponification value as described 
elsewhere. 

COMBINING WEIGHT OF DIFFERENT SAMPLES OF AMERICAN 
ROSIN. (EVANS AND BEACH.) 



Grade. | 

Combiuing 

Weight. 

No. 

Grade. 

W. G. 

328-9 

9 

K. 

F. 

3.33-5 

10 

I. 

M. 

334-5 

11 

H. 

N. 

351-4 

12 

G. 

W. W. 

339-9 

13 

F. 

W. G. 

344-5 

14 

E. 

N. 

347-5 

15 

I). 

M. 

339-8 

16 

C. 


— — 

— — 

— - - 


Combining 

Weight. 


355'G 

365-9 

354-6 

354-9 

336-8 

347-9 

346-9 

350-3 


Evans and Jdeacn touna mat lue — -- 

widely in both directions from that given by Twitchell, and what is 
more disappointing is that the grade, which is largely determined by 
the colour, has little or no relation to the combining weight. 

The molecular weight of sylvic acid with the formula is 


C 20 X 12. 
H 30 X 1 . 
0 , . . 


240 

30 

32 


In determining saponification values of both rosin and linseed oil 
cheese-paring calculations are absurd and shall not be indulged ir 
here The same remark applies to the saponification of linseed oil 
The 'following table of alkali required to saponify oils of a meai 
molecular weight is calculated to the second decimal place of a litr( 
for as much as 10 rqetric tons of oil 


Litres of 
Caustic Alkali, 
Sp. Gr. 1-1. 


Litres of 
Caustic Alkali, 
Sp. Gr. 1-2. 


Litres of 
Caustic Alkali, 
Sp. Gr. 1-3. 


Litres of 
Caustic Alkali, 
Sp. Gr. 1-355. 



NaHO. 

1000 

1461-40 

2000 

2922-81 

3000 

4384-21 

4000 

5845-62 

5000 

7307-02 

6000 

8768-42 

7000 

10229-83 

8000 

9m 

11691-23 

13152-64 

10000 

14614-04 


KHO. 

1482-56 

2965-12 

4447-67 

5930-23 

7412-79 

8896-35 

10377-91 

11860-46 

13343-02 

14826-58 


NaHO. 

658-06 

1316-12 

1974-18 

2632-24 

3290-30 

3948-35 

4606-41 

6264-47 

5922-53 

6580-59 


KHO. 

NaHO. 

KHO. 

NaHO. 

742-81 

397-54 

485-13 

319-11 

1449-61 

796-07 

970-27 

628-23 

2174-42 

1192-61 

1465-40 

957-34 

2899-22 

1590-14 

1940-53 

1276-45 

3624-03 

1987-68 

2425-67 

1595-57 

4348-84 

2385-21 

2910-80 

1914-68 

5073-64 

2782-75 

3395-93 

2233-79 

5798-45 

3190-28 

3881-06 

2552-90 

6523-25 

3577-82 

4366-20 

2872-02 

7248-06 

3975-36 

4861-33 

3191-13 


KHO. 

403-54 

807-06 

1210-61 

1614-lf 

2017-6^ 

2421-21 

2824-7' 

3228-3< 

3631-8 

4036-3 
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STRENGTH OF SOLUTIONS OP CAUSTIC POTASH ACCORDING TO 
BAUM^l’S HYDROMETER, WITH EQUIVALENT READING ON 
TWADDELL’S SCALE. 


Density. 

Baiinu'- 

1 Twaddel 

100 U). 
Contain 

111 Lb. 

100 Lli. 
Contain 
in Lb. 

100 Gallons 
Contain 
in Lb. 

100 Gallons 
Contain 
in Lb. 

11H)7 

1 

1 1-4 

K.,0. 

0-7 

KOH. 

0-9 

K,,0. 

7 

KOH. 

9 

1-()14 

2 

' 2-8 

1-4 

1-7 

14 

17 

1*02:^ 

3 

; 4-4 

2-2 

2-0 

22 

20 

1-029 

4 

' 5-8 

2-9 

3-5 

30 

30 

1-037 

5 

7-4 

3-8 

4-5 

39 

40 

1-045 

0 

' 9-0 

4-7 

5-0 

49 

58 

1-052 

7 

‘ 10-4 

5-4 

0-4 

57 

07 

1-OGO 

8 

' 12-0 

0-2 

7-4 

00 

78 

1-007 

9 

i 13-4 

6-9 

8-2 

74 

88 

1-075 

10 

i 15-0 

7-7 

9-2 

83 

99 

1-0S3 

11 

' 10-0 

8-5 

10-1 

92 

109 

1-091 

12 

i 18-2 

9-2 

10-9 

100 

119 

1-100 

13 

. 20-0 

10-1 

12-0 

111 

132 

1-108 

14 

I 21-0 

10-8 

12-9 

119 

143 

1-110 

15 

' 23-2 

11-6 

13-8 

129 

153 

1-125 

10 

1 25-0 

12-4 

14-S 

140 

107 

1-134 

17 

' 20-8 

13-2 

15-7 

150 

178 

1-142 

18 

28-4 

13-9 

10-5 

159 

188 

1-152 

19 

' 30-4 

14-8 

17-0 

170 

203 

1-102 

20 

32-4 

15-0 

18-0 

181 

210 

1-171 

21 

34-2 

10-4 

19-5 

192 

228 

1-180 

22 

: 36-0 

17-2 

20-5 

203 

242 

1-190 

23 

, 38-0 

18-0 

21-4 

214 

255 

1-200 

24 

, 40-0 

18-8 

22-4 

220 

209 

1-210 

25 

> 42-0 

19-6 

23-3 

237 

282 

1-220 

20 

: 44-0 

20-3 

24-2 

248 

295 

1-231 

27 

1 46-2 

21-1 

' 25-1 

200 

309 ! 

1-241 

' 28 

1 48-2 

21-9 

i 20-1 

272 

324 i 

1-252 

29 

' 50-4 

22-7 

i 27-0 

284 

338 1 

1-203 

30 

1 52-0 

23-5 

280 

297 

358 1 

1-274 

31 

54-8 

24-2 

' 28-9 

308 

308 1 

1-285 

32 

57-0 

25-0 

■ 29-8 

321 

385 ! 

1-297 

33 

59-4 

25-8 

80-7 

335 

398 ' 

1-308 

34 

1 61-0 

20-7 

i 31 -H 

349 

416 i 

1-320 

35 

04-0 

27-5 

1 32-7 

303 

432 i 

1-332 

30 

' 66-4 

28-3 

' 33-7 

377 

449 ' 

1-345 

37 

09-0 

29-3 

34-9 

394 

409 1 

1-357 

38 

1 71-4 

30-2 

: 35-9 ^ 

410 

487 i 

1-370 

39 

74-0 

31-0 

1 30-9 

425 

500 i 

1-383 

40 

70-0 

31-8 , 

37-8 

440 

522 1 

1-397 

41 

79-4 

32-7 i 

!' 38-9 

457 

543 { 

1-410 

42 

82-0 

33-5 1 

1 39-9 

472 

503 

1-424 

43 

’ 84-8 

34-4 i 

i 40-9 

490 

582 

1-438 

44 

87-6 

35-4 

i 42-1 

509 

005 

1-453 

45 

: 90-6 

30-5 

" 43-4 

530 

031 

1-468 

40 

, 93-6 

37-5 

44-6 

549 

655 

1-483 

! 47 

i 96-6 

38-5 

45-8 

571 

079 

1-498 

48 

99-6 

39-0 

47-1 

593 

700 

1-514 

49 

102-8 

40-0 

48-8 

015 

731 

1-530 

50 

' 106-0 

41-5 i 

49-4 

035 

750 

1-540 

i 

, 109-2 

42-5 

50-6 

655 

779 

1-563 

1 52 

112-6 

43-0 

51-9 

081 

811 

1-580 

: 53 

! 116-0 

44-7 

53-2 

706 

840 

1-597 

1 54 

1 119-4 

45-8 1 

54-5 

731 

C70 

1-015 

' 55 

1 123-0 

47-0 

55-9 

754 

902 

1-634 

i 56 

1 126-8 

48-3 

57-5 

789 

940 
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It only aggravates matters when these cheese-paring calculations 
are the work of a man who prides himself on being an eminent 
'Scientist — which shows that one may take a scientific man as a 
guide and still in reality be in actual practice a rule-of-thumb man of 
the very worst type, vainly imagining he is working scientifically. The 
only object of such a table could be to impress the rule-of-thumb man 
with the wonderful accuracy of the man of science who can calculate 
to the second decimal place of a litre the number of litres required to 
'Saponify 10 tons of oil. If the saponification value of the oil in ques- 
tion was known, such fastidious accuracy might be excusable ; here it 
is most grotesque. 

The strength of commercial alkali is always expressed in per 
cent, of anhydrous alkali, as in the second horizontal line; if the 
caustic potash be pure it contains 94*2 per cent., and knowing the 
saponification value of the oil and the percentage of anhydrous potash 
in the alkali being used, the calculation of the amount required to 
saponify any given oil or rosin whose saponification value is known 
is a simple matter. Thus 100 lb. of rosin will, with the saponification 
value of 170, require 17 lb. of potash KHO, the nearest solution, using 
100 lb. of that strength, specific gravity 1‘147, say about 29“ Tw. The 
figures are for pure potash. The best plan of course would be to dis- 
solve the 17 lb. of potash in water and make up to a given strength, 
say 10 per cent, or 12 per cent. KOH. Such a solution, 12 per cent., 
as will be seen from the table, has a specific gravity of TlOO, 20“ Tw., 
and 1() gallons of it contain 11’9 lb. of KOH, 15 gallons of it con- 
tain nearly 18 lb. ; the right proportion is about 14J gallons. 

The Manufacture of Metallic Linoleates and other 
Metallic Soaps. 

Aluminium Linoleate . — This is one of the most important of all. 
Alumina itself is capable of saponifying fats, but the aluminates of 
potash or soda do so strongly, and produce a light aluminium soap 
which has many uses, in waterproofing wood and garments for 
example, and in p&per manufacture. 

Lead Linoleate . — This is made by saponifying drying oils, chiefly 
those of linseed and htop oils, with red lead, litharge or white lead, 
or by precipitating a solution of ordinary soap with lead acetate. It 
is used as a siccative. 

Lead acetate, Pb(C,Hj,02)23H.p. 3‘5 lb. would decompose 7*7 
lb. of soap. 

Magnesium Linoleate . — This soap has of late assumed consider- 
able importance in candle manufacture. Now that the price of 
magnesia has fallen, its advantages over lime as a saponifying agent 
oan be taken advantage of. Less of it is required than of lime for any 
givqp quantity of fat, and the magnesium sulphate formed when the 
soap is decomposed with sulphuric acid is soluble. The fatty acids 
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STRENGTH OP SOLUTIONS OP CAUSTIC SODA AS DETERMINED BY 
BAUME’S HYDROMETER, WITH THE EQUIVALENT READING 
ON TWADDELL’S SCALE. 


Deusity. 


Twaddell. 

Per Cent. 
Na^O. 

Per Cent. 
NaOH. 

One Cubic 
Metre 
Contains 
in Kg or 
100 Gallons 
in Lb. 

One Cubic 
Metre 
Contains 
in Kg or 
100 Gallons 
in Lb. 

1-007 

1 

1*4 

0-47 

0-61 

NaaO. 

4 

NaOH. 

6 

1-014 

2 

2-8 

0-93 

1-20 

9 

12 

1-022 

3 

4-4 

1-55 

2-00 

16 

21 

1-029 

4 

6-8 

2-10 

2-71 

22 

28 

1-036 

5 

7-2 

2-60 

3-35 

27 

35 

1*045 

6 

9*0 

3-10 

4-00 

32 

42 

1-052 

7 

10-4 

3-60 

4-64 

38 

49 

1*060 

8 

12-0 

4-10 

5-29 

43 

56 

1-067 

9 

13*4 

4-55 

5*87 

49 

63 

1-075 

10 

15-0 

5*08 

6-55 

55 

70 

1-083 

11 

16-6 

5-67 

7-31 

61 

79 

1-091 

12 

18-2 

6-20 

8-00 

68 

87 

1-100 

13 

20-0 

6*73 

8-68 

74 

95 

1-108 

14 

21-6 

7-30 

9-42 

81 

104 

1-116 

15 

23-2 

7*80 

10-06 

87 

112 

1-125 

16 

25*0 

8-50 

10-97 

96 

123 

1-134 

17 

26*8 

9-18 

11-84 

104 

134 

1-142 

18 

28*4 

9-80 

12*64 

112 

144 

1-152 

19 

30-4 

10-50 

13*55 

121 

156 

1*162 

20 

32*4 

11-U 

14*37 

129 

167 

1-171 

21 

34-2 

11-73 

15-13 

137 

177 

1-180 

22 

36*0 

12-33 

15-91 

146 

188 

1*190 

23 

38-0 j 

13-00 

1 16-77 

155 

200 

1*200 

24 

40-0 ! 

13*70 

17-67 

164 

212 

1-210 

25 

42-0 

14-40 

18-58 

174 

225 

1-220 

26 

44-0 

15-18 

19-58 

185 

239 

1-231 

27 

46-2 

15-96 

20-59 

196 

253 

1-241 

28 

48-2 

16-76 

' 21-42 

208 

266 

1-252 

29 

50-4 

17-55 

22-64 

220 

283 ' 

1-263 

80 

52-6 

18-85 

23-67 

232 

299 ! 

1-274 

31 

54-8 

19-23 

' 24-81 

245 

316 

1-285 

32 

57-0 

20-00 

25-80 

257 

332 

1-297 

33 

59-4 

20*80 

26-83 

270 

348 

1-308 

34 

61-6 

21-55 

27-80 

282 

364 

1-320 

35 

64*0 

22-35 

28-83 

295 

381 

1-332 

36 

66*4 

23-20 

29-93 

309 

399 

1-345 

37 

69-0 

24*20 

81-22 

326 

420 

1-357 

38 

71-4 

25-17 

32-47 

342 

441 

1-370 

39 

74-0 

26-12 

33-69 

359 

462 

1-383 

40 

76*6 

27*10 

34-96 

875 

483 

1-397 

41 

79*4 

28*10 

.36-25 

392 

506 

1-410 

42 

82-0 

29-05 

37-47 

410 

528 

1-424 

43 : 

84-8 

30-08 

88-80 

428 

553 

1-488 

44 

87*6 

31-00 

39-99 

446 

575 

1-453 

45 

90-6 

32-10 

41-41 

466 

602 

1-468 

46 

93-6 

38-20 

42-83 

487 

6-29 

1*483 

47 

96-6 

34-40 

44-38 

510 

658 

1*498 

48 

99-6 

35-70 

46-15 

535 

691 

1-514 

49 

102-8 

36-90 

47-60 

559 

721 

1-530 j 

50 j 

106-0 

i 

38-00 

49-02 

681 

760 


For notes, see opposite page. 




TIME OP DEYING ANI) Ci^MISTBY OF DEYING PEOCESS 329' 

swim on the top of the solution of it, and are more easily separated! 
from it than from the insoluble calcium sulphate. 

Manganese sulphate, MnS 047 H 20 . 2‘5 lb. would decompose 7*7 
lb. of soap. 

ManganeM Linoleate . — An important drier made by precipitating 
a solution of linseed oil soap with one of a manganese salt, or by dis- 
solving sulphate or black oxide of manganese in linoleic acid, linseed 
oil, hemp oil, etc., by the aid of heat. 

Tin Linoleate . — This is made by precipitating linseed oil soap 
solution with one of stannous or stannic chloride. 

The colours of the various insoluble linoleates are as follows : — 


Calcium soap white 

Copper green 

Zinc white 

Lead „ 

Manganese soap pale pink 

Aluminium „ white 

Ferric soap yellow 


A peculiar property of the linoleates insoluble in water is that they 
are freely soluble in turpentine, benzine, light petroleum, and carbon 
bisulphide, while the palmitates and stearates are insoluble ; hence 
the insoluble soaps produced from a soap made from olive oil (con- 
sisting principally of sodium oleate) can be dissolved almost entirely, 
whereas the soaps made from palm oil (consisting largely of sodium 
palmitg-te) or tallow (consisting largely of sodium stearate and palmi- 
tate) only dissolve very slightly, that portion which dissolves being 
the linoleate of the metal, there being some linoleic acid also con- 
tained in these soaps. 

Use is made of this fact in applying a solution of one of these 
metallic linoleates in benzine, or petroleum spirit, for waterproofing 
paper, cotton, and leather. 

Potash and soda soaps, soluble in water and giving a solution 
which removes grease, have long been employed as cleansing agents ; 
other soaps are, however, not so well known, though they are extremely 
useful. It is a welt-known fact that a soap results from the combina- 
tion of a fatty acid with a base ; in the case of the soluble soaps, the 

Notes for Table on p. 328. 

1. To convert per cents. KjO into their equivalents of NagO, multiply by 62 
and divide by 94. 

2. To convert per cents. KOH into their equivalent in NaOH, multiply by 40* 
and divide by 56’ 1. 

3. To convert per cents. Na^O into their equivalents of K^O, multiply by 94 
and divide by 62. 

4. To convert per cents. NaOH into their equivalents in KOH, multiply by 
66*1 and divide by 40. 

A smaller amount of NaOH = 40 or NajO = 62 will neutralise the same 
amoimt of acid as the larger quantities of KgO = 94’2 or KHO = 56’1. Hence 
inverse proportion in 1 and 2 and ordinary proportion in 8 and 4. 
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base is either potash or soda, but the soaps formed by the union of a 
fatty acid with the metals calcium, barium, magnesium, aluminium, 
iron, copper, etc., are all insoluble in water. The oils and fats used in 
the preparation of soaps are never pure glycerides; hence the soaps 
contain more than one fatty acid, the three fatty acids oleic, palmitic, 
and stearic usually occurring together. The soaps of commerce are, 
therefore, mixtures of potassium or sodium oleate, palmitate, and 
steai-ate, the formulae for which are given below : — 



Oleic. 

Palmitic. 

Stearic. 

Acid 




Sodium salt .... 

NaC„H„0, 

NaCjijH-O., 1 

NaC,,H,,(), 

Potassium salt 

KC„HaO, 




In washing with hard water it will be easily noticed that a large 
quantity of soap is used up before a lather is obtained, and that, sub- 
sequently, a white curdy deposit is formed ; this is a lime soap in- 
soluble in water, and it is produced by the union of the fatty acids of 
the soap with the lime present in the "water. The same reaction may 
be brought about by the addition of a solution of calcium chloride to 
a solution of soap, the curdy precipitate falling as the two are mixed 
until, when the calcium chloride is in excess, a lather ceases to be 
produced when the liquid i^ agitated. This is the general method of 
preparing the insoluble soaps, though other methods are practised on 
a large scale for particular purp''ses. 

The double decomposition /vhich occurs when a solution of a soap 
is precipitated with a solution of calcium chloride is shown in the 
following equation, the soap being represented as sodium oleate : — 

2NaCj,H,,0. + CaCl, = Ca(Cj8H,p,). -f 2NaCl. 

It will be seen that one molecule of calcium chloride will decom- 
pose two molecules of sodium oleate, and, knowing the weights of 
these molecules, it is easy to calculate what any given weight of a 
^oap will require of calcium chloride to decompoF 3 it, so that in the 
actual work none of the reagents may be thrown away. 

For instance, two molecules of sodium oleate weighing 608 are 
decomposed by one molecule of calcium chloride weighing 111, or 5*5 
pts. of sodium oleate are decomposed by 1 pt. of calcium chloride. 

The molecular weights of sodium stearate and sodium palmitate 
are nearly the same as that of sodium oleate ; that is, two molecules 
•of the first equal 612 and two molecules of the second equal 576 ; 
therefore an ordinary soap containing all three acids may be assumed 
iio have a molecular weight intermediate to these, and two molecules 
would equal approximately 600 ; one part of calcium chloride would 
therefore decompose 5'4 pts. of such a soap. 

The above calculation assumes that the soap is pure and dry, 
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which, of course, is not the case, hut with a soap containing 30 per 
cent, of water, 


5-4 X 


100 

70 


7-7 lb. 


would be decomposed by 1 Ib. of calcium chloride. 

Lime Soap . — Lime soap has been of great importance in the 
candle trade since Milly succeeded in replacing the costly process of 
saponifying fats with caustic soda lye by the cheaper method of using 
lime. The resulting insoluble lime soap is decomposed with dilute 
sulphuric acid. When the calcium sulphate formed has settled to the 
bottom, the fatty acids are run off and allowed to cool. The solid 
ones among them are made into candles. The precipitation of lime 
soap which occurs when ordinary soap is used with hard water is 
well known. 

The reaction which takes place when any other metallic salt is 
employed is precisely similar, and the calculated quantities of the 
following salts would decompose the same weight of soap : — 

Copper sulphate, CuSO^SHoO. 2'2 lb. would decompose 7‘7 lb. 
of soap. 

Copper Soap . — This is prepared by precipitating a solution of a 
hard or soft ordinary soap with one of sulphate of copper or by boil- 
ing oleic acid with copper carbonate. It is a green soap, which dries 
to a brittle mass, slightly soluble in alcohol but freely in oils or in 
ether. 

Copper Stearate. 75 lb. of stearine are melted in a copper kettle 
and 13 lb. of sodium or potassium hydrate, made up to 18 per cent, 
solution, run slowly in and stirred until the soap is quite clear. In 
another tub 57 lb. of copper sulphate are dissolved and the stearine 
soap thrown out with this solution. The copper stearate formed is 
removed to another pan, and the water driven off when it is packed 
in wooden casks. 

Zinc sulphate, Z 080^711.^0. 2-6 lb. would decompose 7’ 7 lb. of 
soap. 

Zinc Soap . — This is a plate-like mass of yellowish-white and is 
prepared by heatin*g zinc oxide with a fat or oil, or by precipitating 
ordinary soap with a zinc salt. It is used with zinc white in painting. 

Ferrous sulphate, FeS047H.p. 2-5 lb. would decompose 7-7 lb. 
of soap. 

Iron Soap . — Prepared by precipitating a solution of ordinary soap 
with one of ferrous sulphate. A mixture of copper soap and iron soap 
. is used to give plaster casts a very durable bronze. 

Aluminium and ferric salts decompose six molecules of soap as 
shown in the following equation ; — 

6NaC,3H330., + Al2(SO,)3 = -h 3Na.,SO„ 

therefore 

Aluminium sulphate, Al2(S04)3l8H5j0. 4*0 lb. would decompose 
. 7'7 lb. of soap. 
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Alum, Al2(S04)gK^S0424H20. 5*7 lb. would decompose 7*7 lb. of 

soap. 

The choice >of paints for painting the bottom of ships, namely,, 
from the water-line downwards, is of importance, as much is required 
of such paints. It is well known that in a short time numbers of 
small sea animals attach themselves to the bottom of sea-going 
vessels, and sometimes form a considerable crust, which influences 
their speed in a marked degree, both by the additional weight and 
the greater friction thereby occasioned. The object therefore of 
paints for this purpose is to produce a poisonous effect upon these 
sea animals, to prevent them accumulating. Various means have 
been tried ; for instance, the addition of Schweinfurt green to ordin- 
ary oil paints. This has a certain effect, but in the first place the 
grinding of the arsenical green with varnish has a bad effect uponi 
the health of workmen, and, further, the paint after completely 
drying, no longerl affects the small sea animals in a sufficient degree' 
in order to kill them. Paints have also been prepared which do not 
dry completely, so as to have a stronger action ; these are generally 
applied hot, but a paint that becomes quite hard is probably to be 
preferred. 

Paints for the bottoms of ships should also give a good durable 
coating, as repainting below the water-line is costly and troublesome. 
Compounds of metals with fatty acids constitute the chief components,, 
according to the following processes, for good paints. In the first 
place two metal compounds are prepared, copper linoleate and copper 
stearate ; the latter for use in paints which are to remain soft, and 
which must be applied hot. A further copper compound is also re- 
quired to act as the poisonous principle, such as verdigris. 

Copper linoleate . — An 18 per cent, solution is made from 18 lb. 
of caustic potash or caustic soda and heated in a kettle to 70'" C. 
(158“ F.) ; 90 lb. of linseed oil are then slowly run in with constant 
stirring ; the whole is then diluted with 5 gallons of water, and heated 
up until the soap boils clear. In a suitable cask, 55 lb. of copper 
sulphate are dissolved in 50 gallons of water, and slowly precipitated 
while well stirring with the linseed oil soap ; after settling out, the 
liquor is drawn off and the precipitate of copper linoleate well washed 
and strained ; it is then brought into a cast-ifon kettle and heated to 
100“ C. (212° F.) to drive off the remaining water, being afterwards 
packed in wooden casks. The yield on the above given quantities ia 
about 95 lb. 

Verdigris . — It has been recommended to make verdigris by double 
decomposition. 60 lb. of lead acetate, after melting in a copper kettle, 
are poured into a flat copper pan, and 40 lb. of finely powdered copper 
sulphate stirred in. A tough paste forms which is allowed to cool 
when it has become quite uniform, and after drying it is ground in a 
closed mill. 1 or this latter operation it is recommended that workinen 
should use good respirators, as verdigris is very poisonous. If it be 
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•SO it is from .the presence of lead incidental to this method. Work- 
men in ordinary verdigris are at any rate immune. But this ex- 
temporaneous method may very well yield a poisonous product. 

Anti-Fouling Paints . — Paints suitable for painting the bottom of 
ships are made by mixing the above metal compounds in various 
proportions with lithopone or zinc white and heavy spar, and grind- 
ing the mixture with a good oil varnish. If the paint is desired to 
•dry hard, salt solution is added. 

As examples, a hard drying paint is obtained by taking 30 lb. 
•copper liholeate, 25 lb. lithopone, 10 lb. barytes, 30 lb. oil varnish ; or 
30 lb. copper linoleate, 15 lb. zinc white, 10 lb. lithopone, 30 lb. oil 
varnish, 5 lb. rosin solution ; or 25 lb. copper linoleate, 25 lb. verdigris, 
10 lb. white lead, 10 lb. barytes, 30 lb. oil varnish; or 25 lb. copper 
linoleate, 35 lb. verdigris, 30 lb. oil varnish, 3 lb. salt solution. 
And for a paint that remains soft : 25 lb. copper linoleate, 15 lb. 
•copper stearate, 15 lb. lithopone, 20 lb. oil varnish ; or 30 lb. copper 
linoleate; 10 lb. copper stearate, 10 lb. lithopone, 5 lb. verdigris, 
15 lb. oil varnish; or 25 lb. copper linoleate, 15 lb. verdigris, 15 lb. 
•copper stearate, 5 lb. lithopone, 12 lb. oil varnish, and so on. By 
varying the proportions a harder or softer drying paint can be ob- 
tained, and also more or less poisonous according to the amount of 
veidigris used. 

It may be mentioned that good results have been obtained with 
the given mixtures in small trials, the essentials being the metal 
•compoiinds with fatty acids; doubtless therefore the same results 
will be obtained in the large scale. 

Waterproofing of Fabrics . — There is another method of water- 
proofing with insoluble soaps, the fabric to be treated being first 
passed through a solution of soap, then through a solution of alum, 
zinc sulphate, or copper sulphate, whereby an insoluble soap of one 
■of these metals is precipitated within and upon the fibres, and, not 
being easily wetted with water, it forms a very efficient weather- 
proof material. Canvas for sailcloth and for tent-making is treated 
in this way, and, while the fabric is very little altered in appearance, 
the deposit of insdluble soap prevents the wetting of the fibres, and 
therefore keeps the moisture out. The fabrics treated with a copper 
•soap in the above way are also rot proof, owing to the protection 
afforded by the copper compound. In this method of operating, it 
is of very little importance what kind of soap is employed for common 
fabrics, a common yellow soap or soft soap being equally suitable ; 
for fine white canvas a pure white soap is, of course,- the best to use. 

If a solution of soft soap be made and an aniline dye added, a 
solution of manganese chloride, calcium chloride, zinc chloride, 
or alum throws down a precipitate of an insoluble soap, which com,- 
bines more or less with the colouring matter. Basic dyes, such as 
magenta or Bismarck brown, are best for this purpose, but several 
other dyes have been tried and found to give a similai; result. 
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Magenta yields maroon -coloured precipitates. 

Bismarck brown yields buff-coloured precipitates. 

Aniline red yields red-coloured precipitates. 

Phloxine yields scarlet-coloured precipitates. 

Erythrosine yields scarlet-coloured precipitates. 

Extra Ponceau yields deep red-coloured precipitates. 

Cliiysoidine yields deep orange-red coloured precipitates. 

Aniline cotton orange yields deep orange-coloured precipitates. 

Logwood extract yields violet-coloured precipitates. 

These precipitates, after drying, are all soluble in carbon bi- 
sulphide, benzene, and petroleum ; freely so in the two first named, 
but more sparingly in the latter. 

The coloured oleates formed in the above manner are suitable 
for use in staining and waterproofing fabrics, and for a variety of 
other purposes where colours soluble in oils are desired, for instance, 
in colouring waxes and oils. 

Basic dyes added to a solution of soft soap and then precipitated 
by the addition of acetic acid yield coloured pasty precipitates, con- 
sisting of the colour base probably combined with oleic acid. The 
precipitates produced by this method are very brilliantly coloured, 
and, if the acetic acid is used only in slight excess, very little of the 
colour is left in the liquid. The dyes produced in this manner are- 
insoluble in water, but freely soluble in benzene and the other 
solvents. For colouring oils and waxes they leave nothing to be- 
desired. . 

Soluble Driers.— The origin of terebene was well known to 
Mulder, as he advises the oil to be heated with a known quantity of 
litharge and pyrolusite, and a known weight of the resultant product 
to be added to the oil, to hasten its drying. This is the formation 
or piinciple on which terebene is based, by dissolving the crude 
mixed linoleate so obtained in turps. Later on, Binks heated oil 
with excess of litharge, and mixed the lead soap so obtained, to the 
extent of 0-2 to 0’5 per cent, with linseed oil. Owing to the forma- 
tion of a large proportion of oxyacids, linoleate of lead, made by be tt- 
ing linseed oil with litharge, does not dissolve ifi petroleum spirit. 
Mulder explained that the oil was first converted into a lead 
linoleate, and that on adding this linoleate to the untreated hot oil, 
it dissolved therein. The lead and manganese salts of linoleic 
acid (linoleates), and of abietic acid (rosinates), have been generally 
used in oil-boiling and varnish-making. They can be dissolved in oil 
at a low temperature, or their solution in turps or other solvent iii 
added to the varnish or oil to be treated. They were sold in the 
early eighties of last century, and found a very ready market. Be- 
sides linoleates and rosinates, oleates were also sold. Lead oleate. 
was first used by Bouis, also palmitates, but these are seldom or never 
used. Oh. Van Zoul treates the mixed fatty acids of linseed oil in 
alkaline solution by Hazura's method, with permanganate, and con- 
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verts the mixture of hydrolysed fatty acids into manganese salts for 
use as dwers. Soluble rosinates and other organic salts of cobalt and 
manganese were made and patented away back in the sixties or 
seventies of last century for use as driers. Soluble driers are divided 
into (1) fused and (2) precipitated linoleates and (3) fused and (4) 
precipitated rosinates. (1) The fused driers are made by fusing the 
acids and bases together; (2) the precipitated driers are made by 
precipitating a solution of the sodium salt of linoleic acid, or abietic 
acid with an aqueous solution of a Pb or Mn salt. The fused driers 
are sold as more or less dark coloured lumps, or ground. Precipi- 
tated driers are less ponderous, and are pure white or slightly tinted 
in colour. But this light colour is due to their being hydrated 
compounds. Manganese browns on keeping and manganese linoleate 
is soft and pasty, and it blackens as it ages. The use of soluble 
driers is very easy. Linseed oil is heated to 120° to 150° C. (248° 
to 302° F.), and 1 to 3 per cent, of the drier dissolved therein without 
residue, or 1 part of drier is dissolved in 2 of linseed oil, and mixed 
with a certain quantity of untreated linseed oil. Soluble driers, more- 
over, especially when previously fused, dissolve in turps, and their 
solution in turps in the proportion of 1 to 2 or 2 to 3 are sold as 
liquid driers, but precipitated driers do not dissolve until all 
combined water is expelled by heat. Precipitated driers must 
therefore be fused before solution in oil or solvents. The extensive 
use of soluble driers in the U.S.A. has given rise to the term 
“boiling oil through the bunghole,” and “bunghole oiL’. So far 
back as 1890 the old driers were largely supplanted by soluble driers.^ 

Soluble Driers, Constitution . — The preparation of fused linoleates 
and rosinates, the combination of the metallic oxides with the acids, 
and the saponification of the esters are operations of a somewhat 
complex nature, and an increase of temperature may lead to de- 
composition, and, in the case of manganese, oxidation ; again, it is 
sometimes difficult to say in which of its forms the manganese is 
present, so that we never know whether we are dealing with a. 
manganous or a manganic salt. These drawbacks disappear in deal- 
ing with precipitated driers, but here there is a possibility of basic, 
salts being formed. 

Weger fixes the normal constitution of the four compounds— 
manganese rosinate, lead manganese rosinate, manganese linoleate,. 
and the lead manganese salt of the same acid — used as soluble dryers, 
(the soluble salts of lead alone being but little employed) as 3*2 per 
cent, of soluble manganese in fused manganic rosinate, 6 (rarely as 
much as 7) per cent, in precipitated manganous rosinate, and 9 to* 
9*5 per cent, in good fused manganese linoleate. A few instances 
have occurred when the proportion reached 11 per cent., indicating 

1 Jt was about that time that the syndicate working Hartley and Blenkinsop’a 
process wanted £100,000 for the Eussian rights. 
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either a more extensive dissociation of the acids in the linseed oil or 
the formation of basic salts. 

Weger found 30 per cent, of soluble lead in a fused lead linoleate. 
He explains this by assuming that the residual glycerine had 
combined with the excess of Pb. Calculating soluble Pb and Mn 
as manganese and lead linoleates or rosinates is complicated and 
difficult. First the saponification number of tbe linseed oil, also the 
neutralisation number of the fatty acids, linoleic acid, and abietic acid 
vary widely. Average figures must be taken : — 


Saponification number of linseed oil 190 

Neutralisation „ „ „ fatty acids . . .198 

„ „ „ rosin 170 

Calculating from these figures we get : — 

Percentage of Mu or Pb. 

Manganese linoleate 8’9 Mn. 

Manganic „ 6*1 ,, 

Manganous rosinate 7*7 „ 

Manganic 5*3 ,, 

Lead linoleate 26*9 Pb. 

„ rosinate 24*0 „ 


Weger found in fused Pb Mn rosinate, 9*90 soluble Pb (no in- 
•soluble Pb), 1*4 per cent, soluble Mn, 0*10 insoluble Mn, which was 
calculated to 41*0 per cent, lead rosinate, 27 per cent, manganic 
rosinate, and 30 to 35 per cent, free rosin. Sophistication with free 
rosin cannot do much damage in the sequel, as only 23 per cent, of 
drier is added to the oil, so that the free rosin in the boiled oil is only 
small. Free rosin increases the solubility. 

The following desirable specifications have been enunciated. 
Some are impracticable: (1) The drier should darken the oil very 
little if at all. (2) The drier should cause no turbidity in fatty acid 
and mucilage-free oil. (3) The oil containing the drier should dry 
rapidly, in 12 hours at least, but better in 8 hours or less. (4) The 
drier must be cheap. 

An ideal siccative conforming in every pafticular to all four 
specifications is not to be had. As to points (1) and (2) soluble driers 
are superior to insoluble driers. As to (3) soluble driers dry more 
rapidly than insoluble driers. As to (4) oil-boiling means fuel, time, 
and labour, and with linseed oil at £60 per ton, rosin at £50, and 
turps over £100 per ton, cheap driers are'for the time as dead as 
the dodo. But it must be remarked here once more that rosin free or 
combined in linseed oil, if raw or boiled, is an absolutely illegal addi- 
tion. 

The following recipes for American Japans, driers, and varnish 
enamel vehicles are from an American source. The British reader 
will do well to remember that the American gallon is J less than a 
British imperial gallon * 
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1. GRINDING JAPAN. 

• 30 gallons Calcutta oil. 

100 lb. X, XX, or XXX kauri gum, No. 3. 

Melt the gum, boil the oil to 500° F., and mix. Allow the tem- 
perature to fall to 400°, then add 10 lb. of granulated manganese 
oxide, and when dissolved sprinkle in 10 lb. of litharge and 10 lb. of 
red lead. Boil for | hour at 475°, then add 6 lb. powdered burnt 
umber and 5 lb. of gum shellac. Boil to 600°, then cool and reduce 
with 80 gallons of turpentine. 

2. IIOSIN GRINDING JAPAN. 

500 lb. K rosin. 

25 ,, powdered air-slaked lime. 

2 oz. beeswax. 

70 gallons benzine. 

Melt the rosin, sprinkle in the lime gradually until it is taken up 
by the rpsin and the sediment settles. Add the beeswax and allow the 
mixture to simmer ^ hour over a light fire. When sufiiciently cool 
add the benzine, being careful that it goes into solution without 
granulation. 

3. GLOSS OIL. 

500 lb. K rosin. 

7^ „ lump umber. 

2^ „ black oxide of manganese. 

„ brown sugar of lead. 

• 10 gallons kerosine. 

60 „ benzine. 

Melt the rosin. Mix the manganese and sugar of lead and boil 
1 hour in the rosin, stirring occasionally. Crush the umber in 
a bag and suspend in the kettle, “ dousing ” it up and down from 
time to time. Boil until the manganese is incorporated. Take the 
kettle off the fire and add the thinners when the temperature has fallen 
to 250° or 300° according to the degree at which experiment shows 
them to take best. The kerosene is to be added first. In this, as in 
all the other formulas, complete absence of fire is, of course, a 
requisite to the addition of the “ thinners ”. 

• 

Driees. 

4. PURE TURPENTINE JAPAN. 

16 gallons well-settled and aged raw oil. 

25 lb. litharge. 

27 „ black oxide of manganese. 

45 „ kauri dust. 

' 80 gallons turpentine. 

Calcutta oil is generally preferred. Heat the oil to 350° F., then 
gradually sprinkle in the litharge, taking great care that it .is 
^(thoroughly taken up in oxidising the oil. If the foam becomes thici 
VOL. I. 22 
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it must be whipped down to prevent boiling over. Test samples on 
glass, and when the oil becomes syrupy to the touch, add the man- 
ganese oxide, for which an equivalent quantity of the borate may be 
substituted if a light colour drier is required. The manganese in 
combining generates heat, and if necessary the fire can be drawn and 
the kettle taken off when the temperature of 550" is reached. The 
manganese must be sprinkled in very gradually, as it will cause the 
oil to swell up very rapidly. When all the ingredients are in test 
samples on glass. If right they should harden promptly and crack and 
break, but not powder when the film is bent double or rolled together. 
If they fly into powder the boiling is burned. The samples must also 
be elastic. When found to be right the kauri dust is to be sprinkled 
in, and samples taken out from time to time to see that no small 
particles remain undissolved. If necessary to effect this the kettle 
may again be run over a light fire. Samples of the finished product 
should crack as above explained. Extinguish all fire, and when the 
kettle has cooled to about 350°, reduce with the turpentine, one man 
stirring while another runs in the thinner as rapidly as it can be 
mixed. This makes a very strong drier if properly prepared. 

5. BENZINE JAPAN. 

12 gallons linseed oil. 

16 lb. litharge. 

16 „ powdered black oxide of manganese. 

10 gallons turpentine. 

75 „ benzine. 

The entire 85 gallons of thinners may be benzine, but a small 
proportion of turpentine makes the reduction easier. The process of 
preparation is similar to those already detailed. 

6. UNION JAPAN 

Maybe made on this formula by using for thinners about § turpentine 
and benzene, or J of each. 

7. WHITE DAMAB VEHICLE FOR ENAMEL PAINTS. 

180 lb. Batavian damar. 

15 „ white rosin (W. W. or W. G.). 

4 „ sulphate of zinc. ' 

12 gallons turpentine. 

10 „ benzine. 

Melt the gum and the rosin with the zinc in a copper kettle until 
solution is complete. Add the turpentine gradually, while the kettle 
is on the fire. Boil for a short time ; then draw the fire and reduce 
with the benzine. This product may be used as a varnish grinding 
with enamel colours, or as a white varnish pure and simple. It dries 
much harder than ordinary damar varnishes. ^ 
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• Cobalt Driers. 

It is claimed that fused and precipitated cobalt rosinates an 
similar in action to manganese rosinate with this very great excep* 
tion, that by its use a better and finer white for inside and outside 
purposes can be secured. 

For exterior driers it is claimed that, without the use of man- 
ganese and cobalt, there is a tendency to soften, due to atmospheric 
actions. Hence, the lead and cobalt or the lead and manganese 
compound is better ; lead and cobalt in all cases where white quality 
is considered. For interior work cobalt is recommended as a drier, 
and it is urged that cobalt only be used . 

Cobalt Bosinate Drier for Producing Good Exterior or Interior 
White Paint or Enamels,— Snch a paint or an enamel made with either 
lead or manganese as a drier even if in only small quantities has a 
great tendency to produce a brownish or pink discoloration. Even so 
small a quantity as 16 oz. of manganese drier in 200 gallons of paint 
will show a pink colour inside of 48 hours. For exterior work this 
is not injurious, for strong sunlight bleaches out the colour ; but for 
interior work we come to the fact that cobalt must be used to 
eliminate the discolouring effect. In making high grade enamels 
every one is familiar with the properties required. These can be 
secured by a cobalt drier made from wood oil, linseed oil, precipitated 
cobalt rosinate, and pure turps. It should be made in a separate pot, 
and strict attention paid to the handling of it. Such a drier is added 
to the enamel after the zinc has been ground into the varnish. But 
no other drier should be present. Working thus all trouble of 
skinning in the tin or in the mill is avoided, and no separation 
occurs with this oil drier. 

If cobalt driers are very strong, they can be readily adjusted and 
kept for any length of time without separation. For cheaper whites, 
fused cobalt rosinate made on the same formula can be used ; but 
there is the risk of paint livering or thickening, due to the free rosin 
acid present, A dri^r made thus can be thinned with a turpentine 
substitute. Litharge can also be incorporated in the fused rosinate, 
if a high grade colour is* not particularly desired. The linoleate of 
cobalt can be used and will give quick-drying qualities like all cobalt 
compounds, but it does not give so nice a white and shows a tendency 
to skin. The white and light tinting enamels do not develop a pink 
colour when cobalt drier is used. But this drier must be prepared 
in a separate pot from the varnish. This kind of drier has the ad- 
vantage over other driers, in that it gives an elastic, non-separating 
film when mixed with linseed oil, and is not injurious when used tc 
excess. Cobalt drier will dry of itself on glass to the touch in 3C 
minutes, and become hard in 2| hours. The quantity of drier to us^ 
YSiiies with the varnish, but in general 1 part drier to 10 parts oi 
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varnish is used in straight long oil varnishes. With gum varnish 1 
part to 20 or 30, and so used, will not increase the cost much. The 
increase is about 1 cent a gallon over that of a manganese turpentine 
drier. With the long oil varnish, turpentine drier should be used ; 
but in enamels where damar varnish is present, one can use benzine 
or a cheaper turpentine substitute. Cobalt drier finds some use in 
interior paints, the pigment being ground without any other drier. 
The same formula thinned with a mineral spirit is an excellent drier 
for cheap whites. 

In testing driers the ordinary organoleptic tests, lustre, smell, 
and hardness, etc., tell whether the drier is a rosinate or a linoleate. 
Mixtures of powdered driers may generally be separated by aid of 
the microscope, where the transparent rosin particles are at once 
seen. Moreover, fused driers are water-free, but precipitated driera 
contain a certain amount of water, as much as 6 per cent., which in 
the technical process of drying is not removed. Solubility in solvents 
is increased by expelling the combined water by fusing the rosinate. 

In qualitative testing for metals the drier is ignited, and the ash dis- 
solved in HCl, and the filtered solution examined by the classical 
methods of qualitative analysis. To test for lime in possible presence 
of lead is utter folly, and vice versa. In addition to lead and manga- 
nese, calcium, barium, zinc, and copper may be present. Barium and 
calcium rosinates increase the hardness of the coating. Zinc rosinate 
is also used~it is claimed that it prevents the darkening of the 
boiled oil during heating. But a more intractable substance than 
precipitated zinc rosinate cannot well be handled. Copper rosinate 
is not used as a drier for boiled oil. Its use is in the hydrated state 
in anti-fouling compositions. A certain percentage of calcium rosiii- 
ate, hardened rosin, its users claim, does no harm ; hence linoleate 
of manganese is adulterated therewith, which is revealed by a. 
qualitative examination of the acids. A certain portion of the drier 
is boiled with HCl, and when cold shaken with petroleum ether. 
The residue on evaporation is tested for rosin by the Storch- 
Morawski test. Finally, the physical and chemical “constants” 
are determined, and the abietic acid estimated quantitatively by 
Twitchell’s method. Oleic and palmitic acid are only seldom used 
in the preparation of soluble driers. Still the presence or absence 
of such metallic compounds should be examined for. 

In estimating the metals soil or dirt should be absent. Sand 
often occurs as an impurity. 

[German writers tell us, quoting Coste and Andrews, “ Analyst, 
1910, 35, 64, as authorities, that “ soluble driers are often mixed witht 
chalk and barytes”. But there is a little misapprehension here. 
The driers referred to by Coste and Andrews were the old-fashioned 
“ patent ” driers marketed in the same manner as stiff white lead 
(that patent must be a very hoary-headed one, and as far as the^ctual / 
manufacture is concerned does not exist). These driers were mad&fll 
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?ip as a stiff paint containing an excess of driers made in a rule-of- 
thumb w&y by heating linseed oil, rosin, litharge, lead acetate, etc., 
together ; sometimes a saturated solution of manganese sulphate was 
added. The chalk and the barytes formed 90 per cent, of the mixture. 

Patent ” driers might therefore be defined as a paint with an 
excess of driers which, added in small proportion to a paint with no 
driers, caused it to dry rapidly.] 

The main quality desired in a soluble drier is that it shall be com- 
pletely and entirely soluble, the metal being in a state of actual com- 
bination, and not merely mechanically suspended in the form of an 
oxide, since the latter cannot exert any action at the low temperature 
employed, and will therefore merely constitute an inert, sedimental 
matter. The sole point, therefore, to be considered in estimating the 
value is the amount of drying metals present in combination with 
rosin or fatty acids, and soluble in linseed oil at 120° C. 

Analysis and Valuation of Soluble Driers. — Soluble driers only 
containing lead are rarely marketed, nor is linoleate of manganese 
generally sold. The usual type of soluble driers on the market are : — 


TABLE SHOWING THE USUAL TYPE OF SOLUBLE DRIERS ON THE 
MARKET WITH THEIR PERCENTAGE Pb AND Mn CONTENT. 


0 

Theoretical Metal 
Content per Cent. 

Actual Range of 
Soluble Metal Content 
per Cent. 

Manganous rosinate precipitated . 

7-7 Mu 

6*7 Mn 

1 ) „ fused . 

Lead manganese rosinate 

5-3 „ 

2*5 to 4'6 Mn 



8-9 Pb ; 1-6 to 2 Mn 

Manganese linoleate 

8-9 

9 to 9-5 

Lead manganese linoleate . 

— 

Varies greatly 


Meister quotes : (1) Fused Mn rosinate, on an average 2*5 to 3’0 
Mn, = 45 to 55 Mn abietate. (2) Fused Pb Mn rosinate, at most 1*5 
Mn, and 9 to 10 per cent. Pb, about 27 per cent. Mn abietate, and 
40 per cent, Pb abievffibte. (3) Precipitated Mn rosinate, 5*7 to 6*5 per 
cent. Mn, about 80 per cent. Mn abietate. (4) Precipitated Pb rosin- 
ate, 20 to 23 Pb, about 80 per cent. Pb abietate. Some rosin driers 
barely contain 10 per cent, of rosinate. 

Practical Testing of Soluble Driers. — Analytical testing must be 
subordinate to practical testing of soluble driers, vide infra. The oil 
is heated with a certain amount of soluble drier to 120° to 150° C., 
and the resultant boiled oil tested for colour, clearness, rapidity of 
drying ; or the drier is dissolved in a little warm turps, and 5 to 10 
|)er cent, of the fluid drier so obtained added to cold linseed oil. The 
flquid driers used by painters and varnish-makers are in solution, 
.^urpe, rosin-spirit, benzine, benzol, are tested for in the volatile 
‘^rtion and the dried siccative. Generally liquid driers consist ol 




342 


THE MANUFACTURE OF VARNISHES. 


solution of lead manganese linoleates 4 : 5, but manganese lead linoleate 
and rosinate are also used. The latter when added to boiled oil must 
contain no free rosin or it will thicken white lead paint. This is 
tested thus : 18 grammes pure white lead are rubbed up with 5 
grammes of liquid drier, 2 grammes turps, and a drop of water. 
There should he no gelatinous thickening on standing for several 
hours. 

Chevreul and Liebig versus Mulder. — Mulder studied how driers 
act very carefully, the result being some classical recipes for fire- 
boiled oil. But some plead that Chevreul did not understand the 
problem, as he used white lead and zinc oxide for driers, and later 
maintained that linseed oil dried more rapidly by mere heating to 79° 
C. Liebig believed that, at the outset, the drying of linseed oil was 
hindered by mucilage. He asserted later that linseed oil, treated with 
basic acetate of lead at the ordinary temperature, absorbs 4 to 5 per 
cent, of lead and dries in 24 hours. The best boiled oil was obtained 
by heating linseed oil to 100° C. with lead oxide, and steam passed 
through for an hour. By boiling linseed oil with lead oxide and water 
a similar good boiled oil is not obtained. All these assertions Mulder 
contradicted in a very bitter quarrel with Liebig. 

Mulder's Theory of Oil-boiling and of Driers. — Mulder found that 
boiled linseed oil (with 2*6 per cent. PbO) took a shorter time to dry^ 
but had a lower oxygen absorption than the unchanged oil. When 
the figures, as here, refer to very thick films, no sound information is 
obtained ; but it is correct that linseed oil in the presence of -.a drier 
absorbs no more oxygen than without one ; also that the drier, during 
the drying of the oil undergoes no change, it only hastens it. That 
red lead, as a drier, is superior to litharge he explained thus : Bed 
lead is a mixture of oxide and peroxide, 2PbO, PbOg, and therefore 
contains available oxygen, which it gives up to the oil with formation 
of linoxic acid or lead linoxate, then the oil absorbs no more oxygen 
from the air. Litharge, on the other hand, cannot part with any 
oxygen, and the oil must get it from the air unless the oil be boiled 
with litharge, whilst a current of air is passed through it. Mulder 
does not speak of oxygen absorption in connection with litharge, but 
he does so in regard to manganous borate. He found that when a. 
horax solution was precipitated by manganous sulphate, and the pre- 
cipitate washed with water, the surface is coloured brown owing to- 
the absorption of oxygen. It follows therefore ihat manganese borate 
as a drier acts similarly, taking oxygen from the air and giving it up 
to the oil. The term catalyst was unknown to Mulder, as it was not 
used until later. He was, of course, acquainted with catalysis in the 
sense used hy Berzelium and with Mitscherlich's contact working. 
Later on Ostwald classified sharply and positively as catalysts only 
those substances which during a chemical reaction hasten it by their 
presence. Their working has been likened to that of a lubricating 
oil during the motion of a steam engine. Weger also investigated 
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the drying action of manganous borate, and discriminated betweer 
it and all* other insoluble driers, by its being capable of being used ai 
the ordinary temperature when it is intimately mixed with linseec 
oil. By rubbing up linseed oil for an hour in a mortar with 5 pe: 
cent, of manganese borate, the time of drying was 6 to 24 hours 
the filtered oil contained 0*05 to 0*10 per cent. Mn. To classif] 
manganese borate in face of this Mn content as an insolubli 
drier is a gross misuse of terms. Whether the salt dissolves ii 
completely acid-free linseed oil, Weger leaves undecided. In an] 
case, manganous sulphate, which is but slightly decomposed on heat 
ing when rubbed with linseed oil, only acts slightly and similar!] 
when precipitated as Mn(OH)^. That driers, as such, are all catalyst! 
Weger deduced from the fact that the drying capacity of linseed oil ii 
not proportional to the amount of drier used, but with a certain weigh 
of drier a maximum result is obtained. Again Weger contradicts i 
statement of Chevreul that a mixture of raw oil and manganese 
boiled oil absorbed more oxygen than its components, asserting 
that ' the final result would be that an oil would absorb so much mor( 
oxygen the less manganese it contained, and his oxygen absorptior 
experiments did not confirm this. It is strange if the oxides and salti 
of lead and manganese act very similarly as driers, how dissimilar botl 
these metals are. 

Van Zoul experimented with manganese peroxide. He founc 
that it could not work catalytically as it is reduced on heating witl 
linseedioil. He thinks that during the splitting up of linseed oil th) 
oxygen of the linoleic acid becomes oxidised as in the Hazura oxida 
tion, and that the resulting hydrolysed acid, in the form of a manganesi 
salt, acts as an oxygen carrier. He therefore regards all the acid 
produced during the oxidation of linoleic acid in alkaline solutioi 
as good driers. He does not say why manganous oxide is a gooi 
drier. 

Engler and Weisberg*s uiutocatalysis. — Engler and Weisberj 
describe the catalytic phenomena which occur during autoxidatioi 
decomposition as autocatalysis, and the oxygen carrier as an auto 
catalyst. They thui^ distinguish between atomic or hemi-molecular an< 
molecular autocatalysis. At the first comes the catalyst, in our cas 
the drier, which takes oxygen from the air in molecular form, an ac 
ceptor, and later on gives it up in this case to linseed oil. Molecule 
autoxycatalysis is identical with indirect autoxidation, where th 
molecular oxygen reacting body (indirect autoxidiser) first, throug 
this reaction, forms a third body. The drier, in that case, acts as 
pseudo-catalyst. Thus there are bodies which, through the agency ( 
other bodies by the consumption of negative ions or by the disengag( 
ment of positive ions, start the right atom-forming reaction which, c 
its part, carries on the autoxidation. Such atoms are mostly hydroge 
atomjs which as indirect autoxidisers absorb molecular oxygen ar 
produce hydrogen peroxide. As an example take the catalyt 
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working of manganous hydrate in the Weldon regenerating process, 
which Engler and Weisberg formulate thus 


HO 

HO 
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+ , + 
OHH 
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Catalytic action of Weldon process (Engler and Weisberg). 

Here water intervenes, whilst in drying it does not, except in a 
secondary way as a bye-product. 

According to Hazura from linseed oil two different hydroxystearic 
acids are obtained, the first from linolenic acid, the other an unsatur- 
ated fatty acid with three double links, isolinolenic acid, CjgHjjfiO^, an 
isomer of linolenic acid. With bromine it yields, according to Hazura, 
an oily hexabromide derivative soluble in ether. Were it not for iso- 
linusic acid the occurrence of isolinolenic acid in linseed oil would 
have been still unknown ; likewise that the unsaturated fatty acid can 
yield two different oxyacids. 

It will be seen therefore that the result of Hazura’s researches was 
to put the chemistry of linseed oil on a new basis. Whilst all 
previous authors, with the exception of Mulder, regarded the fluid 
linoleic acid as a single substance, Hazura found it to be a mixture 
of four acids, viz, : — 

1. Oleic acid, CigH 3402 , with 1 double link. 

2. Linoleic acid, C^gHg^Oj,, with 2 double links. 

3. Linolenic acid, CjgHgjjOg, with 3 double links. 

4. Isolinolenic acid, Cl8Hg^J02, with 4 double links. 

Beformatsky and the Unity of Linoteic icid.— None the less the 

unity of linoleic acid was still maintained. From Saytitf s laboratory 
there appeared a research on linoleic acid by A. Reformatsky. He 
prepared it by Schuler’s method, converted it into the ethyl ester, 
and fractionally distilled the latter under a pressure of 180 mm. 
The fraction 270° to 275° C. was collected apart and saponified. 
For the free acid the composition of linoleic acid was found to be 
^ 18 ^ 32 ^ 2 ) gs-ve an oily tetrabromide. Gn oxidation in alkaline 
solution with permanganate it yielded as chief product a tetraoxy- 
stearic acid of melting-point 159° to 161°. When HgOg is formed 
as an intermediate product, it can only yield atomic oxygen to 
the oil. Both lead and manganese driers produce peroxides. 
Whether drying is a hemi-molecular or a molecular autocatalysis 
is undecided. From the high oxygen absorption of boiled oil, at 
any rate, atomic oxygen is not exclusively absorbed. Ostwald 
confirmed Genthe’s conclusion that in drying with or without 
driers autocatalysis occurs. The catalyst supervenes when 
linseed oil is heated in air, when it is converted into a quick-dry- 
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Ing boiled oil. Drying is hastened by light. When ground up with 
white pigments oil dries more quickly than with black ones. Looking 
to the S form of the curve, the results compared with Ostwald’s 
/ dx 

iormula for autocatalysts = K(m x) (a - x). A series of re- 

!searches were made on exclusive autocatalysts. To linseed oil 
1 per cent, of formic, acetic, propionic, valeric, crotonic, cinnamic 
and oleic acids were respectively added ; energetic oxygen absorption 
•occurred during 8 to 10 days, and the curve was still S shaped. 
Similar results were given by glycerine, benzaldehyde, mesityl oxide 
and acrolein. Whether the catalyst is affected by the volatile reaction 
products was to a large extent solved thus : a uviol glass tube was 
filled with pieces of sulphur, soaked in linseed oil in an air-exhausted 
space. Parallel with this tube, about 3 centimetres away, was a 
uviol lamp. Over the pieces of sulphur a rapid current of dry 
•oxygen was passed, and the evolved gases cooled in a Dewar’s 
apparatus to 20° C. In about 48 hours about 1 gramme of a 
strongly acid fluid had condensed. But oil treated with 1 per 
■cent, of this fluid did not dry any quicker, as occurred when 50 
grammes of linseed was exposed in a large clock glass to uviol ‘ 
light for 40 hours. An oil exposed for years in a loosely-corked 
flask, also an oil blown for 2 hours at 130® C., both dried faster, 
so that when boiled linseed oil is oxidised the autocatalyst is a per- 
•oxide. Thus 1 per cent, of benzoyl peroxide greatly hastened drying ' 
whilst ethyl peroxide hastened it but little, and hydrogen peroxide not 
at all. Five per cent, of fresh turps in no way increased the rapidity 
of drying, but, on the other hand, 5 per cent, of old turps did so very 
greatly. As the particles first impinge on linseed oil, and oxygen has 
already been absorbed so as to darken the oil, the curve approaches a 
straight line. The principle does not allow an unlimited concentration 
of catalysts. For the acceptance of the oxygen a peroxide is necessary. 
Circumstances all point to the practical limits of the reaction sought, 
being independent of the oxygen concentration. Thus in the dark the 
same result is obtained in air and oxygen, showing the enormous effect 
of light. * 

Examination of Driers . — Genthe tested lead and manganese ' 
oleate, then fused anS precipitated manganese rosinate, fused 
lead linoleate, fused manganese linoleate, fused lead manganese 
rosinate, fused and precipitated lead manganese linoleate, fused 
copper rosinate. They were dissolved in the proportion of 1 per 
cent, in warm linseed oil. Sometimes they separated out as a 
jelly-like precipitate, which on shaking separated into finer par- 
ticles which seemed to have fallen out of the oil, possibly muci- 
lage. The drying process lasted from 14 to 50 days in the dark, in 
^day-light 8 to 10 days. The acceleration of drying is therefore not so 
great as is generally believed; however, the S form of the curve 
persisted throughout. The autocatalysts remain whatever the 
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driers may be ; they are not to be confused with the pseudo-catalysts.. 
In violet light the driers were completely without action. ^ On the 
basis of the last discovery, Genthe issued a statement from which it 
appears established that during drying peculiar peroxides are formed^ 
either when the oil solidifies under the action of the oxygen of the 
air, or when the oil at the anode pole becomes proportionately 
oxidised, as the peroxide building proceeds, e.g. in weak alkaline 
glauber salt solution with lead electrodes. The formation of J)eroxide 
compounds is the essential point of the drying properties of ac* 
celerating catalysts; hence all other driers are only pseudo-catalysts, 
the function of which is the formation of the former accelerators. 
The linseed oil products are valuable as the quickly formed coating 
is uniform throughout the wuole thickness of the film, right through 
without skinning and cracking, forming a lustrous enamel-like coat. 
The dried layer is not tacky but hard and resinified. 

S. A. Fokin states that catalysts reduce the time of drying from- 
4 or 5 days to 2 to 3 hours. He tested the behaviour of 15 metals 
in this respect with the following results : — 

1. Co, Mn, Cr, Ni, (Fe, Pt, Pd). 

2. Pb, Ca, Ba. 

3. Bi, Hg, Ur, Cu, Zn. 

This assortment, in which lead comes after iron is in flat contradic- 
tion with the results obtained in actual practice. Fokin explains 
the action of driers in this way ; that the metals in their higher oxida- 
tion compounds take up atomic oxygen and give it up to the oil 
according to the formula : — 

MOa + RCH : CHR 2 = MO + RCH . CHR. 


When direct autoxidation with absorption of molecular oxygen 
is practicable, only a small amount of drier, or a weak drier, is added. 
The rapidity of reaction is proportional to cube root of concentration 
of catalysts. Oxygen absorption at from J to 20 atmospheres is pro- 
portional to pressure. Increase of temperature Jiastens rapidity of 
reaction, according to Spring’s rule. Polymerisation proceeds along 
with oxidation. In later experiments Fokin contradicts Genthe. 
He first made an experiment in which cobaltiferous linseed oil 
(0’36 per cent. Co) was put into a Herapel burette and treated with 
gaseous oxygen. The results obtained for absorption of 1 atom of 
oxygen per double bond cannot be regarded as free from objection. 
At one time the oxygen was used in slight excess ; again, the layer of 
oil was not presented to the oxygen in a thin enough layer, and na 
notice w^s iiaken that the iodine number wa^ never 0. Moreover, 
in the above research the statement that 1 per cent, of the linseed oil 
forms volatile substances can hardly be regarded as correct. Fokin 
later on tested a large series of boiled linseed oils on glass slabs, on 
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which the film rose to 5 mg. per sq. cm. He asserts that the same- 
absorption figures were obtained, whether he used 0*5 or 5 mg.. 
But the test in question only lasted 2 hoXirs and with the intervention 
of a weight of fungi of yj^^th part of a milligramme and in two cases of 
part of a milligramme. The unreliable nature of the experi- 
ments will be seen in a moment from the excessive thickness of the 
layer, and we agree with Weger that the thickness should not exceed 
1 mg. per sq, cm. Fokin obtained for cobalt-boiled oil of varying 
Co content in 2 to 10 hours oxygen absorption of 9‘1 to 15’4, whilst 
the oxygen absorption figure for manganese-boiled oil in 41 hours 
was 18' 1. The results obtained did not establish Ostwald’s auto- 
catalytic equation but rather one of Fokin’s defunct formulae. That 
the reaction is not proportional to the catalytic concentration is- 
explained by diffusion. Some of Genthe’s results show that the 
dv 

relation = K (a - a;) corresponds best for monomolecular reactions. 

It muist be pointed out that Genthe was incorrect when he used the 
term indirect autoxidation and that the formation of autocatalysts is- 
dubious. Diying is rather a hemi-molecular autocatalysis, the drier 
absorbing by means of its valency surrounding oxygen and then giving 
it up in atomic form to the oil. Fokin’s results are faulty also in his 
tests on glass slabs, considerable quantities of volatile substances 
escaping. 



CHAPTEE XIV. 

BOILED OIL. 

Linokin.—&.s all oils consist of carbon, hydrogen, and oxygen m 
almost identical proportion, what principle is absent from non-drying 
oils is present in certain oils, which causes them to dry. Linolem, 
according to Mulder, isihe chief constituent of such typical drying 
oils as linseed, poppy-seed, and walnut oils. Linolein consists, t ere- 
fore, of linoleic acid and glycerine, the compound formed by the union 
of three molecules of the monobasic acid, linoleic acid uniting with one 
molecule of the triacid base, glycerine, to form the neutral salt linolein. 
Hazura and Fredreich, who found in poppy-seed and walnut oils 
fatty acids similar to if not identical with linoleic acid, partially con- 
firmed Mulder’s conclusions. Hazura regards Mulder’s linoleic acM 
not as a simple substance but as built up of two distinct acids, linoleic 
acid, CigHgjjOj, with two double links, and linolenic acid, CjgH^oOg, with 
.three double links. The triglyceride trilinolin is represented, by the 
empirical formula, C3Hj(C„H3,0,)3, and the triglyceride trilinolenin 
■C3 Hj(C, 8H3„02)3. Livache flatly denies that the drying properties of 
linseed oil are entirely due to the presence of ,any one or all of these 
acids. All other oils, he contends, whether vegetable or animal, can 
be transformed into a solid product, analogous to that to which 
linseed oil is so easily converted, and that, whether taken individually, 
•or as the component parts of a mixture, provided always they be 
subjected to the action of heat. Livache is not specific enough as 
to what he means by the action of heat, and his claims do not amount 
to much, as it has long been known that certain non-drying oils can 
be stored so as to yield a protective film. Moreover, a rosin varnish 
made by dissolving rosin in naphtha and thefi applying the varnish so 
obtained, whilst the bath or water oven is boiling bver its outer copper 
surface, will protect the latter from the fumes of the laboratory 
remarkably well, but that does not endow rosin with the properties 
of a drying oil. Again, Angus Smith simply recommended coating 
water pipes with tar and baking before laying them, but that did not 
make tar a drying oil. Livache’s idea must fall flat as his coating 
can in no way have the insolubility, impermeability, nor durability of 
linseed oil. 

None the less Livache declares that the best explanation thaii can 
be given ot the drying properties is the following ; All the different 
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glycerides which enter into the composition of a drying oil play a 
part in the transformation of the oil into a solid body, but the greater 
the proportion of one or several glycerides analogous to linolein, the 
more rapidly is this transformation effected and at a lower tempera- 
ture. All the glycerides present in oils and fats undergo this change 
more or less slowly, as if % a kind of metamorphosis. This doctrine 
cannot be upheld for very obvious reasons, upon which it would be 
futile to enlarge. 

Looking at the matter from his own standpoint, Livache tried to 
explain the differences — ^in drying properties — of different drying oils. 
Should in fact the glycerides, analogous to linolein, be present but. 
in small quantity, the other glycerides only dry slowly, and very often 
heat would be required to accomplish the end in view. Whatever 
explanation we adopt, we must bear in mind that the drying oils are 
those which may be quickly converted into a solid elastic substance 
at the ordinary temperature. This transformation only takes place 
in the presence of oxygen, and with a rapidity which varies according 
to the heat and light to which the film of oil is exposed, and the 
previous treatment to which it has been subjected. 

Linoxin . — Mulder called the resulting solid product linoxin. He 
found that it did not differ from linoleic acid except by containing a. 
larger proportion of oxygen, whilst at the same time all the glycerine 
had disappeared. While making reservations necessitated by the 
still imperfect state of knowledge regarding the composition of the 
differe^j>t solid bodies obtained by the oxidation of different oils, the 
name of linoxin is here retained for this body, which, no matter from 
what oil it may be derived, presents the same properties of elasticity, 
insolubility in the usual solvents, etc. Linoxin consists of a perfectly 
dry elastic mass, of a more or less deep yellow or brown colour ac- 
cording to the treatment to which the oil from which it has been derived 
has been subjected. For a long time it was believed to be perfectly 
insoluble in the different menstrua in which oils dissolve. When 
exposed to their action it at first undergoes no change, but if the 
action be prolonged it increases in transparency, swells like india- 
rubber, and at the fame time a small proportion dissolves. The re- 
sulting swollen substance dried apart from the solvent is still elastic, 
but very friable between* the fingers, crumbling to particles, with no 
tendency to reunite. By evaporating the solvent there is left a tacky 
residue of low melting-point. The oxidation product of a drying oil, 
therefore, presents many analogies to caoutchouc, being composed like 
it of two constituents, one of which dissolves in different menstrua,, 
whilst the other swells and disintegrates. The dissolved product ret 
covered on evaporation of the liquid solvents acts as a real cement^ 
reuniting the insoluble portions, first swollen and then disintegrated, 
yielding as a result a continuous elastic mass, consisting on the one 
■ hand of the soluble, and on the other hand of the insoluble, portion 
^ of the original linoxin. But very possibly this liquid portion found 
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by Livache was simply incompletely oxidised oil, or the residuum of 
the saturated fatty acids naturally present in linseed oil, which the 
writer contends do not dry in themselves, but retard the drying of 
the oil until the intensity of the reaction is such that the solidified 
glycerides give to the whole mass the appearance of one homogeneous 
solidified coating, the actual non-homogeneity of which nothing 
discloses until the solvent starts to act on it. Thus before an oil can 
dry, continues Livache, the linolein must be in a position to become 
oxidised, and the more this is facilitated the quicker does the oil dry. 

Oxygen may be caused to act either upon the linolein, i.e. upon 
linoleic acid combined with glycerine, or upon the linoleic acid 
separated from glycerine, or finally upon suitable chemical com- 
binations of linoleic acid wdth metallic oxides, i.e. upon linoleates. 

Action of Oxygen upon Linolein . — Linseed oil exposed to the air 
in a thin layer soon changes to a solid substance. If we perform 
-the same experiment in a vessel containing air placed mouth down- 
wards over mercury, the same change takes place, but the volume of 
•air confined over the mercury diminishes in volume owing to the 
absorption of oxygen. Finally, if the quantity of air suffices, the oil 
is converted into a solid product w'hich has increased in weight pro- 
portionally w'ith the oxygen w’hich existed in the air and w^hich has 
disappeared, whilst the residual gas is composed of nitrogen, together 
with a small quantity of carbonic acid, and volatile acids of the 
methane series. The transformation of the oil and consequently of 
the linolein is thus due to the action of oxygen. Mulder obtained 
this solid body by exposing the oil on plates to the action of the air, 
and after detaching, he treated the product with ether, alcohol, and 
water so as to wash away any unoxidised oil or other soluble matter ; 
and he finally obtained a more or less elastic white substance which 
analysis showed to be a product of the oxidation of the anhydride of ' 
linoleic acid, viz. linoxin. From linoleic acid exposed in a thin layer 
to the air he obtained the same solid linoxin, but the change into a 
perfectly dry substance took longer than in the case of linolein. But 
the products are identical in composition and properties, and as no 
glycerine is found in the product of the oxidationf of linolein by the 
air, it would appear that the oxygen of the air first acts upon the 
glycerine, yielding such bodies as carbonic *acid, water, etc., which 
disappear, and subsequently upon the linoleic acid of the linolein, 
converting it into a solid body, linoxin. The- product is identical 
whether we use air or oxygen. 

Action of Oxygen upon Linoleates . — Linolein is very easily sap- 
onified, yielding soaps ; potash, soda, and ammonia yield soaps which 
readily dissolve in water. Baryta, lime, the oxides of zinc, copper 
and lead, yield soaps insoluble in water but soluble in ether. The 
most suitable combination to study is that of linoleic acid with oxide 
of lead; if we dissolve this linoleate of lead in ether, and if we 
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expose the liquid in a thin layer upon a plate of glass, the white 
solid residue remaining on evaporation of the ether, which is at first 
soft, becomes in a few days very hard, owing to the absorption of 
oxygen. 

Linoxic Acid. — If we suspend this hard, ''brittle salt of lead in 
alcohol, and pass a current of sulphuretted hydrogen through the 
•alcohol, we obtain, after filtering off the sulphide of lead, an 
■alcoholic solution from which water precipitates a white substance, 
which analysis shows to be that oxidation product of linoleic acid 
to which the name of linoxic acid has been given. If instead of 
:separating this alcohol in the cold by the simple addition of water, 
we evaporate the alcoholic solution by the aid of heat, we also obtain 
■s, viscous residue, but of a blood-red tint. Linoxic acid is therefore 
met with in two colours — white or red— according as it has been 
prepared in the cold or the hot state, i.e. whether hydrated or 
anhydrous. But whilst viscous linoxic acid exposed to the air changes 
to dry elastic linoxin, on the contrary, when combined with lead — 
although it also suffers this alteration — it becomes more and more 
triable. 

Besunie. — (1) Linoleic acid combined with glycerine, in the 
•state of linolein, yields progressively in a more or less short period 
of time linoxin, a solid elastic body, a basis for colours and 
varnishes. (2) Free linoleic acid yields fairly quickly a viscous 
-compound (linoxic acid) which afterwards changes to linoxin, but 
occupying a longer period of time than in the preceding case. (3) 
Linoleic acid combined with oxide of lead, i.e. liholeate of lead, 
dries fairly rapidly in consequence of the formation of linoxate 
of lead, but this product changes afterwards into a friable, brittle sub- 
stance. It follows that, to ensure a dry, elastic product, we ought 
preferably to cause the oxygen to act upon the linolein and to avoid, 
AS far as possible, either the presence of linoleic acid, which would 
take a longer time to dry, remaining viscous for rather a long time 
in consequence of the formation of linoxic acid, besides the pos- 
sibility of formation of linoleate of lead, which would give a brittle, 
friable product. Oifmg to the difficulty of separating linolein from 
iihe other principles entering into the composition of oils in actual 
practice, we have to oxidise the oil itself. The drying properties 
of a drying oil are increased under certain conditions, which it is 
important to study in detail. We shall study, therefore, how the 
■drying properties of linseed oil — the best drying oil — may be in- 
•creased, for whatever we may determine regarding it holds good, 
keeping to the same proportions with other drying oils. 

Boiled Linseed Oil. — Linseed oil is boiled in several different 
ways : 1. Fire-heated Boiled Oil. — By boiling linseed oil at 260'* to 
466® F., in cast-iron pots fixed in masonry, or in portable pots over 
An ogsn fire. 2. By boiling the oil at 270® to 300® F., not by direct 
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fire but indirectly, that is to say, by a steam heat in steam-jacketed 
pans, some of which are open and others closed, by a dome fitted with 
a still heated connecting pipe, leading to a condenser. The oil is 
then agitated so as to break it up or effect division into fine drops, 
by agitators with blades like the propeller of a ship, so as to facili- 
tate the action of the air on the oil. 3. By boiling the oil in closed 
vessels fitted with air pipes, and then blowing hot air through the 
liquid. 4. Boiling by steam superheated to 750° F. 

Banger of Fire and Explosion,— Oil-hoiling by heat from an open 
fire is particularly dangerous, but whichever of these processes be 
adopted, oil-boiling is alwaj^s a more or less dangerous operation.. 
Process 1 is the most dangerous of the four, as fires with open grates 
are difficult to regulate, and this difficulty of regulation extends to the 



Fig. 82 .— Oil-boiling by fire. Consuming the vapours by passing them through a. 
fire. 

product being heated. The first risk to draw' attention to is one 
common to all the four processes : linseed oil, long before the actual 
boiling-point, not the apparent boiling-point is reached, liberates, be- 
tween 300° and 600^ F., not only vapours which ignite spontaneously, 
but also explosive vapours. Moreover, it is apt fo froth and boil over, 
especially when it is impure, abounding in mucilage. The tempera- 
ture increases wery irregularly over an open fire, and the oil in the 
pot frequently bumps, especially as the heat intensifies, when danger- 
ous priming may suddenly occur. Finally, the oil, or the added 
material driers, readily burn on to the sides of the pot, bake to a 
hard cake, causing the pan to grow red-hot, which readily gives rise to 
an explosion. Linseed oil becomes linoxin, dried linseed oil, when it. 
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lias taken up and absorbed a certain amount of oxygen that become 
saturated therewith. Of this gas it is able to absorb and fix somewhere 
between 20 and 30 per cent, of its own weight (vide supra). This 
absorption occurs not only during boiling, but a^fterwards, and to a still 
further extent when the boiled oil is exposed to the air in a thin film. 
As to the fixation of the oxygen of the air by the raw oil, or by the oil 
boiled without driers, numerous attempts have been made to accelerate 
the drying of the raw oil, or even the oil boiled without driers, by 
adding to the oil substances rich in oxygen, such as pyrolusite, man- 
ganese borate, litharge, and red lead. With such accelerators of the 
drying of linseed oil as these are, the drying can be completed under 
20 hours where it formerly took several days. 

Driers of this nature (metallic oxide driers) require to be heated to 
a high temperature before they dissolve in the oil. The pert question 
as to the exact temperature at which litharge dissolves in linseed oil 
is easier asked than answered. The blowing of linseed oil also aids in 
tbhe rapidity of drying, and thus assists the various oils in drying, and 
if the oil be blown in contact with a drier, it not only re-oxidises the 
drier, but aids very materially in its solution in the oil. So long as 
linseed oil is not completely oxidised, and such an oil is used for the 
coating of porous fibrous goods like textiles, feathers, papers, artificial 
flowers, millboard, etc., the process of oxidation continues until the 
oil is completely dry, during which time a very considerable amount 
of heat is generated. As long as this heat is not concentrated into 
a confii^ed space but is dissipated into the air as fast as formed, the 
risk of accident is less to be feared. But if, on the other hand, the 
articles coated with this oil be kept stored during drying, or are so 
packed that the heat is prevented from escaping, the heat so re- 
tained and concentrated will eventually produce charring, and end 
in the spontaneous (ignition) combustion of the articles so coated, 
just as occurs in the case of greasy rags. Dusting the goods with 
wool dust, a bad practice, intensifies the risk. 

Linseed oil can be caused to dry more rapidly by different pro- 
cesses, some involving the presence, others the absence of water. 
The ction of heat ^s well as that of certain oxides or metallic salts, 
especially the salts of manganese, lead, and zinc, greatly lessens the 
."'^ration of the operatiofi. By simply exposing linse^id oil in thin 
layers (2 to 3 cm. in thickness) to the action of the / an for several 
months in leaden vessels with a flat bottom, a tlv/k and almost 
.colourless oil is obtained. This is washed \:ith b(iing water to 
; eliminate the acid principles, and after decanting and fresh exposure 
Ito the sun for 8 days in leaden vessels, a pale ^yhite, limpid, and 
f'more rapidly drying oil is finally obtained. ; 

^ The presence of porous bodies seems to facilitate the production 
^f rapid drying oils. Thus by treating linseed, walnut, or poppy-seed 
^il with snow so as to form a solid mass, and by putting this into 
l>earthenware or porcelain pots with wide mouths, and placing these in 
OL. I. . 23 



354 THE .MANUFACTURE OF VARNISHES. 

a cool place sheltered from the sun’s rays, two layers are obtained on 
thawing, one of which is aqueous and the other oily. The oily layer 
is turbid, but easily clarifies on standing. It possesses more rapid 
drying properties corresponding with the length of contact with the 
snow. It must not be forgotten that snow brings down nitrous and 
nitric acids from the air, and that these reagents rapidly oxidise lin- 
seed oil. 

Simple heating with ebullition of 3 hours and firing of the oil for 
2 minutes produces more viscous drying oils in a quick way. The 
operation presents several dangers, in that the oil easily takes fire 
and that, moreover, the disengaged vapours are noxious. These 
should be burnt as completely as possible. The temperature during 
the boiling should not be too high, otherwise the oil will darken 
greatly and lose in quality and in value. 

Certain writers recommend that linseed oil should be boiled in 
the presence of water, whereas others condemn this practice, pointing, 
out the difficulty of clarifying oil so treated. Without doubt the 
presence of water lengthens the operation, but this expenditure of 
time is compensated for by the state of the oil, which is colourless and 
may even be obtained in a quite limpid condition, when at the end 
of the operation the greater part of the water is evaporated off' by 
means of additional heat. 

The majority of makers commence by heating the oil to a tem- 
perature bordering upon boiling (about 150'' C.) before adding the 
driers. When this method is adopted a boiling pan large enoughi 
to allow for the augmentation of volume produced by the expansion 
and frothing of the oil must be provided, and the driers must be 
added by degrees and in as dry a state as possible. This is why 
certain recipes, without stating reasons, recommend the employment 
of calcined substances, whereas it is claimed that a product of quite 
as good a quality can be obtained by putting the ingredients intO' 
the oil before the fire is lighted. It is better, even in this case, to- 
employ perfectly dry material. 

Some makers put the driers into a bag, whereas others, following 
the very early example of Watin, mix up the ing^-edients and the oil. 
The results are equally good in either case. 

In discussing the question whether varriish-makers who cater for- 
a mixed trade should supply their customers with boiled oil of their 
own make or purchase what they require forlhis purpose, Huenchen 
points out that makers in a large way of business have the requisite 
plant for boiling oil themselves, and that by doing so they can secure 
the margin of profit on the boiling, whilst at the same tfme they are 
certain of letting their customers have a genuine article. A good 
deal has been written on the necessity for supplying pale boiled oil 
but in reality the demand for this grade is not extensive, and is only 
suggested by the continuance of offers. A point of greater impprtance 
than colour is that the oil shall dry well, and furnish a durable coating; 
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for the surfaces to which it is applied. In the manufacture of oil 
varnish^.s, boiled oil plays only a minor part, raw linseed or thick 
boiled oil being chiefly used nowadays; and in this connection it may 
be mentioned that linseed oil which becomes flocculent when boiled 
may be utilised for boiled oil, though quite unsuitable for varnish. 
While good boiled oil can be obtained with the aid of litharge, the 
use of this drier results in a good deal of foots ; whereas, when half 
the quantity of hydrateid oxide of manganese or manganese borate 
(1 to 14 per cent.) is used, the deposit is much smaller. Similar 
results follow the employment of such driers as the rosinates of lead 
and manganese, and these latter have the additional advantage that 
the oil only needs heating to 120° to 180° C.,as compared with 220° to 
240° C. when the oxides are used. For the varnish-maker it is an 
advantage to prepare his ow’ii driers, smce he has all the appliances 
at hand, and can in this way reduce the cost of his boiled oil. 

TJlh Function of Ozone in Causing Linseed Oil to Dry More 
Rapidly —Ih's, Schrader and Dumeke used ozone not only for 
bleaching amber and other varnishes, but to hasten the rapidity of 
drying of linseed oil or turpentine, and for the rapid bleaching of 
linseed oil. By passing ozone through oil contained in deep and 
narrow vessels, the action is finished in a relatively short time, and 
the oxidation ceases almost completely. If the oil is then exposed 
in shallow vessels to sun and air, further oxidation occurs, the 
bleaching and the thickening of the oil are hastened and the rapidity 
of drying is increased. In the manufacture of boiled oil the addition 
of a few hundreths of finished boiled oil to the linseed oil to bo used 
facilitates the fixation of oxygen, and an action occurs similar to 
oil-boiling catalysis. In practice the linseed oil is mixed with a 
small proportion of previously made boiled oil, and a current of 
ozonised air is then driven through it by a pump, the oil being placed 
in tall and narrow vessels, which are heated by steam during the 
process. In a short time a white rapidly drying oil is obtained. In 
Pummerer’s process the oil is rendered colourless and transparent,, 
a-d its drying power is increased by subjecting it, with or without 
h\ it, to the action of a current of ozone in closed vessels. Pumps 
force or suck the gas through the oil until it ceases to be absorbed. 
sThe oil to be oxidised may be placed in receivers heated to 40° to 50° 
'0. by a coil. The ozone enters at the bottom through a number of 
small holes so arranged as to make the contact between the ozone 
and the oil as intimate as possible. Certain piano makers use ozone 
for boiled oil. In his process for drying varnished marquetry, Carl 
Hoch places the articles in an oven, and ozone is made to pass over 
them through pipes. Whilst Japanning requires a temperature ap- 
proaching 300° C. (572° F.), one of 35° suffices for the Hoch process, 
which can then be employed with objects that it is dangerous tO' 
make- very hot. 

Acrolein is a product of destructive distillation, and as oil-boiling 
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is partially a destructive distillation product, acrolein is produced 
during oil boiling. It may be regarded as a toxic produci. It is 
especially abundant in crude wood spirit. Prior to the Excise grant- 
ing the use of methylated spirit for industrial purposes, the crude wood 
spirit used by French polishers so abounded in acrolein that many 
of them — and quite young men too— went blind. The remission of 
the ordinary fiscal tax on denatured alcohol was dictated by humane 
considerations wholly and solely. For many a long year in America, 
up to about a decade ago, acrolein counted among its annual victims 
hatters and French polishers, although they have long had in America 
a pure methyl alcohol free from any trace of acrolein, but acrolein still 
counts its victims amongst the engineers who attend to a leak in the 
fractionating stills in which crude methyl alcohol is rectified. A whiff 
of concentrated acrolein from a leak places them hors de combat for 
a week. Acrolein is not only produced during oil-boiling by steam 
hut also in oil boiling by fire. It is quite a persistent product in both 
■cases, the only consoling thing about it is, if it nearly kills the tyro in 
oil-boiling, it none the less does him a very good turn indeed. While 
his eyes are weeping copiously and smarting acutely and his nose 
discharging in streams, he can congratulate himself at being in at the 
death of that highly cunning old fox, the polymerisation theory. Even 
acrolein cannot be produced out of nothing. Ex nihilo nihil fit, and the 
tyro in oil-boiling has positive evidence of acrolein which belongs to the 
carbon compounds that are classed as aldehydes. And what is an 
aldehyde ? Ah well, aldehydes are compounds intermediate between 
the alcohols and the acids. They are formed from alcohol by the 
abstraction of hydrogen ; hence the name, which is an abbreviation of 
alcohol dehydrogenatum. Preparatwn. — The aldehydes are formed 
by the oxidation of the alcohols ; ethylic alcohol, for instance, yields 
acetic aldehyde. 

CHg 

CH'hO -f 0 = CH., -1- OHjj 
COH 

Ethylic alcohol oxygen = acetic aldehyde + water. 

Acrolein. Acrylic Aldehyde, CHjjCH COH, mJolecule weight 56. — 
One litre of acrolein vapour weighs 28 criths, boils at 52*4° C. 

Preparation.— By the dry distillation of many organic substances 
as in oil-boiling and wood distilling. By thg action of phosphoric 
anhydride or sulphuric acid, both of them dehydrating agents on 
glycerine. 

CHjHO 

CH HO = 2OH3 + CHg : CH COH 

CHaHO 

Beaction. — By oxidation acrolein yields acrylic acid— 

CHaOH Cdk + 0 = CHa : OH(COaH). 
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Description of Actual Method of Preparation . — There are taken 

Gramttes. 

Anhydrous glycerine 200 

Potassium bisulphate fused 500 

Neutral potassium sulphate 200 

The mixture is introduced into a litre flask with a short neck, the 
fused KHSO 4 being finely pulverised and the whole intimately mixed. 
The glycerine ought to be previously heated for some hours in vacuo 
at a temperature of 180° C. under a pressure of 50 mm. so as to be 
completely anhydrous. The neutral sulphate which is added after- 
wards is intended to fix the vapours of sulphurous anhydride which 
v^ould completely polymerise the acrolein. The flask containing the 
mixture is connected with a good condenser, and the distillate is 
received in a large decanter surrounded by ice. The flask is heated 
on the sand-bath very gently during the first hour to avoid frothing 
and priming over into the condenser. The froth gradually disappears 
and the heat is increased so as to end the distillation in 3 to 4 hours. 
The acrolein separates on the top of the fluid distillate, the aqueous 
layer is removed as far as practical during the process so as to avoid 
too long contact with the acrolein. This aqueous solution of acrolein 
is heated on a salt-bath and the acrolein which distills is added to the 
upper layer, which is fractionated once or twice over precipitated lead 
oxide. To condense acrolein it is necessary to use iced water. The 
yield is 40 per cent, of the glycerine employed. Acrolein is a mobile 
liquid ^slightly soluble in water endowed with a piercing odour, which 
boils at 52'4 (126*32° F) under the atmospheric pressure. The only 
way to get quit of this highly toxic fume, so dangerous to the eyesight, 
is to pass all fumes and vapours containing acrolein through a furnace, 
or the oil-boiling pan should be on the top of the roof, or a hood super- 
imposed over the pan leading the fumes to the condenser. The heat 
required to dissolve fused metallic rosinates in linseed oil is of too low a 
temperature to regard the production of acrolein in that particular pro- 
cess, yet in oil-boiling at a steam heat of 35 lb. pressure in a jacketed pan 
acrolein makes itself felt at an early stage, that is to say, under 248° F. 

Dry Distillation of Castor Oil . — Under the action of heat castor oil 
yields ornanthol as well as a certain amount of undecylenic and 
polyundecylenic acids. The distillation is effected in a 2 litre green 
glass retort into which 500 grammes are poured and the neck of the 
retort is connected with a tubulated matras of 1 litre cooled by 
a current of cold water. This matras is connected by its tubulure 
with a vacuum pump and the aspiration so regulated as to maintain , 
in the apparatus a pressure of about 100 mm. The retort is heated in 
an oil-bath until distillation starts and the temperature is so regulated ^ 
as to keep it constant. First, ornanthol passes over along with water, 
then undecylenic acid bringing in its train a certain amount of its. 
polymers. The heat is stopped when the froth formed reaches 
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a height of about 5 mm. and the bubbles of gas can hardly make their 
way through the viscous mass. The residue being highly inflammable 
it is well to wait until the whole is cooled before opening tbe retoit. 
The liquid distillate is f’^actionated on the water-bath under the same 
pressure of 100 mm. What passes over up to 100'" C. is a crude 
enanthol. It is purified by fractionation at the normal pressure. 
The yield is about 10 per cent, of the oil employed. The residue 
remaining in the retort is distilled over a naked dame until the 
contents of the flask solidify. The temperature rises as far as 240 
(404" F.), crude undecylenic acid is thus obtained, about 20 per cent, 
of the weight of the oil. 

IMjr* throuf^li roof 
through wliu'li liann- 
Icssiiicoiuleiisalilo gasos 
diffuse into .air. 



Fjq. 83.— Two oil-boiling pots eacli set in its own brickwork furnace, each fitted 
with its ow’n funnel-shaped dome. The latter is fitted to a pipe leading to 
another wider pipe through which a spray of cold w^ater is micctod under 
pressure. 

Oil varnishes, boiled oil, and spirit varnishes, such as are prepared 
by means of a volatile solvent, dry in different ways. Linseed oil 
varnishes dry by absorption of oxygen from tbe aif when an increase 
in weight occurs. Oil varnishes dry first of all by the oil of turpentine, 
used as diluent, evaporating, and the remaining mixture of resin and 
oil oxidising under the action of the oxygen of the air, and finally 
becoming solid and hard. Spirit varnishes wutli volatile solvents, 
such as oil of turpentine, alcohol, benzine, etc., dry by the solvent 
simply evaporating, and the resin, no matter of what kind, which 
had been dissolved therein, remaining behind as a firm coating. 
These facts are widely known, and form the basis of the manufacture 
of oil and spirit varnishes, but, according to experiments con- 
ducted by And6s, and described in the “ Chemiker Zeitung," they 
only prove right if the boiled oil and oil varnishes are without 
admixtures of non-drying or verj^ slow-drying substances and the 
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■spirit varnishes contain a single solvent of equal evaporative power 
in accurately set down limits. In the case of deviations from the 
.above there will be other appearances. If, for example, boiled oil 
which by itself dries well, is mixed with a ce](tain, but not very high 
percentage of mineral oil, an adulteration much in vogue, this 
a,ddition will influence the drying capacity greatly, and it may occur 
'that such a product does not dry at all. But if boiled oil is mixed 
with considerable quantities of mineral oil, a different observation 
will be made.' The boiled oil applied in a thin layer takes up oxygen 
from the air and dries, and upon the dry varnish coating remains 
a thin layer of non-drying mineral oil. In the case of a mixture of 
equal parts of linseed oil, rosin oil rendered drying, and mineral 
oil, the same action was observable. Boiled oil and rosin oil became 
•dry, while the mineral oil remained on the dried skin as a thin 
■coating which might be wiped off. From this it follows that boiled 
oil takes up oxygen with separation of mineral oil and dries, a cir- 
•curns^nce which deserves full attention in the examination of boiled 
■oil, and which, without any analysis, demonstrates the presence of 
mineral oil in large quantities. If oil varnishes are prepared with 
solvents of different evaporative power, e.g. with oil of turpentine, 
^^hich is adulterated with petroleum distillates, this does not exercise 
any other action but that to retard the hardening, i.e. the drying of the 
varnishes. 

Oil-h)iling hy Direct Fire Ileal . — Oil is still boiled to some extent 
and fos special purposes in fire-heated cast-iron pans, often in the form 
■of an inverted truncated cone, so that in priming the oil spreads over 
a wider area. Enamelled iron pans are also used, more especially on 
the Continent, hut such pans are heavy and clumsy, and their use is not 
general in this country, where oil-boilers do not take to them kindly. 
The oil-boiling pan is half-filled with oil and heated for 3 hours. 
The oil is for certain purposes inflamed a few minutes before the fire 
is drawn. Again the oil is heated much higher, 200° to 225° C. 
(392° to 437° F.), and kept at that, sometimes it is said for 8 days, vide 
infra. So that the heat may not rise too high, a small quantity of tin 
is said to be sometimes added and care taken that the oil does not 
'^ecome so hot as to melt the tin, 228° C. (442-4° F.) but that would 
entail a constant watch* on the oil pan unless obviated by an electric 
bell arrangement. For a thick oil the temperature is raised to 
316° C. (say 600° F.) and kept thereat from 6 to 8 hours. But for 
pale boiled oil, it is not thought desirable to heat the oil so as to impart 
a brown colour to it and to liberate free linoleic acid, which dries more 
slowly than linolein. It has been urged that to produce a superior 
boiled oil the heat should not rise high enough to create destructive 
^distillation of the oil on a wholesale scale, or to “ crack ” the oil, but 
should rather be kept at that temperatm^e which brings about 
such change in the oil which would superinduce that very peculiar 
phenomenon known to purely theoretical clj^ists, and to them 
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a height of about 5 mm. and the bubbles of gas can hardly make their 
way through the viscous mass. The residue being highly inflammable 
it is well to wait until the whole is cooled before opening tbe retoit. 
The liquid distillate is f’^actionated on the water-bath under the same 
pressure of 100 mm. What passes over up to 100'" C. is a crude 
enanthol. It is purified by fractionation at the normal pressure. 
The yield is about 10 per cent, of the oil employed. The residue 
remaining in the retort is distilled over a naked dame until the 
contents of the flask solidify. The temperature rises as far as 240 
(404" F.), crude undecylenic acid is thus obtained, about 20 per cent, 
of the weight of the oil. 
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with its ow’n funnel-shaped dome. The latter is fitted to a pipe leading to 
another wider pipe through which a spray of cold w^ater is micctod under 
pressure. 

Oil varnishes, boiled oil, and spirit varnishes, such as are prepared 
by means of a volatile solvent, dry in different ways. Linseed oil 
varnishes dry by absorption of oxygen from tbe aif when an increase 
in weight occurs. Oil varnishes dry first of all by the oil of turpentine, 
used as diluent, evaporating, and the remaining mixture of resin and 
oil oxidising under the action of the oxygen of the air, and finally 
becoming solid and hard. Spirit varnishes wutli volatile solvents, 
such as oil of turpentine, alcohol, benzine, etc., dry by the solvent 
simply evaporating, and the resin, no matter of what kind, which 
had been dissolved therein, remaining behind as a firm coating. 
These facts are widely known, and form the basis of the manufacture 
of oil and spirit varnishes, but, according to experiments con- 
ducted by And6s, and described in the “ Chemiker Zeitung," they 
only prove right if the boiled oil and oil varnishes are without 
admixtures of non-drying or verj^ slow-drying substances and the 
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the pot fits. More often, the fire is underground, thus enabling the 
workman to watch the operation at his ease, since the pot is then on 
on the same level as the ground. In that case a rather different kind 
of pot (Fig. 84) is used, so constructed that the oil does not receive 
throughout its whole mass, and at the outset, tne heat stored up in the 
brickwork. To obviate this the pan of about 20 to 22 gallons capacity,, 
generally of cast-iron, enamelled inside, is contracted in the middle 
and rounded at the base, so that the bottom only is exposed to the; 



Fig. 84.— Portable ofl-boiling pot. A, B, flue and chimney-stalk ; C, plate on 
jWhich flange of pot rests. 

action of heat. Otherwise the process is conducted as before, onl^ 
the oil is heated a little longer, say, 4 hours instead of 3. This pot h 
lifted off the fire on to an iron stand (Fig. 85) by two wrought-iron bars 
7 to 10 feet long, passing through loops fixed to the side of the pot 
so that in case of fire the bearers may be at a safe distance, bul 
mechanical arrangements are now used to lift and convey both oil- 
boiling pots and varnish pots from the fire. In oil-boiling by steam th( 
oil may be run by gravitation into the boiled oil store tank, howevei 
far distant from the pan. 
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When large quantities of oil are to be boiled no good purpose is 
■served by multiplying operations. It is better to use larger pans. In 
an extensive business the pans may measure 6 feet 6 inches high by 
5 feet in diameter. Nevertheless we more often meet with pt^ns 
having a capacity of 60 to 120 gallons. In fact big pots in oil-boiling 
by fire are clumsy, dangerous, and expensive in working and in hand- 
ling the boiled oil. The pan is of strong iron plate about J of an inch 
thick, is built into masonry in such a manner that the upper part 
controls a circular gutter of to 2 inches deep, which, in case of the 
•oil boiling over, conducts it to an adjacent receiver. The pan can be 
so built into the brickwork that it may be heated on part of its bottom 
and its sides, or, on the contrary, and preferably, on its sides alone. 
In the first case it so rests on the brickwork that the centre part of the 
’bottom is exposed ; in the second case, so as not to overheat the bottom 
part, it is supported by a small arch of brickwork, thus preventing 



» Fig. 65.— Iron stand (double) for holding pot shown in Fig. 84, after removal 

from fire. 

•solid mattei’s from tenaciously adhering to the bottom. The cylin- 
drical form of pan is not always adopted. We often come across 
pans almost conical in shape, the narrow part of which forms the 
bottom — a form which has the advantage of distributing the heat 
more evenly, and, owing to the larger section, of diminishing, in case 
•of frothing, the chances of the oil running over. Such a pan is half 
■or at the most two-thirds filled with oil and at first heated gently, and 
when the oil reaches 100'’ C. (212’ F.) the impurfJes on the surface 
are skimmed off. The driers, jireviously completely desiccated and 
ground very finely, are then added. It would not do to add them in 
the beginning, as they would fall to the bottom, and their effect be to 
a great extent lost. And6s gives the following projxai’tion for 20 gallons 
of oil 


2| lb. red lead, 2^ lb. litharge; or 
2^ 11). litharge, 2jit h). sugar of lead ; oi 
1 J lb. borate of mangauese ; or 
2i lb. hydrate of manganese. 

Boiling is kept up for 5 hours not exceeding 220" C. (396° F.). 
The temperature is regulated by means of a theimiometer in metal 
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Fig. ^G.— Plant lor oil-boiling by naked lire {with removable grate running 
oJi rails) 


tframework, or, better still, by an aneroid thermometer, which is more 
legible, and not so fragile. Formerly the heat was occasionally regu- 
lated by adding some tin. The degree of heat was at one time 



Fia. 87 .— Oil-boiling by fire. Movable furnace and portable oil-boiling pan. 
ascertained by dipping the quill end of a feather, which ought to 
,at once shrivel and curl up, into the oil. This is still a handy 
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test although the ultra scientific may sneer at it. The more* 
attention there is paid to ensure a constant regulated temperature,, 
the brighter and paler will be the oil. When very quick-drying 
properties are aimed at |he oil is boiled from 1 to 2 hours longer, and 
the amount of driers increased from 20 to 25 per cent. At the time' 
of adding the driers the oil should be well stirred either with an iron 
spatula, or preterably by means of mechanical agitators (a revolving 
shaft with arms, or a simple hanging chain fixed at both ends to a 
horizontal shaft, bent twice at right angles, fixed above the pan ; the 
chain descends almost to the bottom of the pan and is turned by 
means of a crank some distance away). A wood charcoal fire allows, 
a constant temperature to be maintained if the fire be well regulated. 
Coke will suit equally well. So as to lessen the risk of the tempera- 
ture rising too suddenly, which would colour the oil and cause it to- 
overflow or aggravate the risk of fire, it has been suggested to use a. 
movable grate, which can be lowered instantaneously, and thus cause 
the fuel to fall into a pit full of water (see Fig. ,86). Movable car 
furnaces running upon rails (Fig. 87), and thus capable of being, 
easily removed, have also been employed. Oil is sometimes boiled 
by immersing the pan in a sand-bath, or in a bath of a suitable alloy. 
But this plan is hardly to be recommended, because if the tempera- 
ture rises too high, the oil cannot be withdrawn from the source of 
heat ; the same thing sometimes happens when the pan is built into- 
masonry or set in brickwork, for even in the case of a movable 
furnace the oil remains exposed to the action of the heat stored 
up in the brickwork. To remedy this the pan, which sometimes 
measures more than 9 cubic feet, is mounted on a kind of trolley. 
The circular opening of the fire is level with the ground. If the 
temperature rises too high the trolley supporting the pan is removed 
from the fire ; a movable hood with counterpoise descends over the 
top of the pan and carries away the fumes. This enables the oil- 
boiler or varnish-maker to watch the operation very easily, and pre- 
serves the metal of the pan. When the operation is terminated the 
oil is ladled out, and on the large scaie pumped into a galvanised 
iron tank. As soon as the pan is empty it is imn^ediately recharged 
with another batch, and generally without being cleaned in any way. 
The coating which forms on the sides of tHe pan prevents the oil 
from darkening, but care must be taken to remove any excess of 
driers from the bottom of the pan, otherwise urwntentionally an ex- 
cess of driers, which might have an injurious effect, may be added to- 
the next batch. When the skin becomes too thick it is scraped off. 
In certain factories this is only done once a year, or once in 2 years.. 
The foots from oil-boiling by fire may be used in making black paints,, 
which are so difficult to dry. 

In Dullo’s process 250 kilos, of oil, to which 7-^ lb. of black oxide 
of manganese and the same quantity of hydrochloric acid have been 
added, are heated in a copper boiler without reaching the boiling- 
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•point. This is stirred up with a spatula covered with a sheet of zinc. 
The operation is finished at the end of a quarter of an hour ; by pro- 
longing it the varnish has greater drying power, but becomes more 
.and more coloured. After remaining 24 hojrs the oil is decanted, 
and is limpid and fluid. The deposit is used'to make glaziers’ putty. 

In Barruel and Jean’s process from 100 to 130 grammes of 
■chemically pure manganese borate are ground up with 2 kilos, of 
•old clarified linseed oil. The mixture is heated for a quarter of an 
hour almost to the point of ebullition. The manganese salt dissolves 
•and the oil takes a chestnut-brown colour. The product dries in 24 
iiours. 



. 88.— K, oil-boiling pan, with fire-quenching arrangement; R, agitator with 
blades ; M, crank-handle working cog-wheel gearing, C ; H, hood to convey 
fumes to chimney-stalk, E ; R, hearth, the bars of which are kept in posi- 
tion by the rod S, by means of which, if the oil threatens to prime over or 
catch fire, the furnace may be extinguished by tilting its contents into the 
vessel W, filled vth water. 

Boiled oils prepared with manganese and lead oxides dry slowly 
and do not give a hard varnish. The manganese driers give much 
the best results. As for litharge, it is the drier with a lead base 
which gives the best results — the oil dries quickly and the coat is 
hard. When the boiling has not been done at too high a temperature 
the oil is hardly coloured. Acetate of zinc is the drier to be preferred 
amongst those with a zinc base. The borate and the citrate also give 
good results. Manganese borate and the acetate of manganese are the 
best driers with this base, the borate being the better of the two 
When the acetate is employed the oil must not be heated much abov< 
C., otherwise it will take a dark colour, due probably to th< 
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formation of tarry products. The chlorides, nitrates, and sulphates'- 
are not good driers. The first two are too violent in theiv action, 
whereas the last are difficult to decompose and require too high a 
temperature. No advt(intage seems to accrue from the employmenu 
of the formates, citrates, and tartrates. 



Fig. 89.— Oil-boiling by naked fire. Tripier-Devaux process. General view. 

The Preparation of Boiled Oil for Enamelled Leather, — According' 
to Andes, the so-callcd blue varnish applied to primed leather, for the 
purpose of imparting thereto a blue-black tone, deep brown in colour, 
and only becomes blue-black on drying. This process isjanalogous 
to the operation in carriage varnishing, wherein a thin transparent 



Fig. 00.— Oil-boiling by naked fire. Tripier-Devaux process. Longitudinal' 
section. 

coating of Prussian blue lacquer is applied to the black surface in 
order to neutralise the greenish tone produced by the finishing varnish. 
Blue varnish, when dried on a metal surface at a temperature of 80® 
to 90® C., gives a highly elastic coating that will even stand hammer- 
ing. The linseed oil used must be of good quality and free from 
mucilage when heated to 240® to 300° C. After heating to this. 
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temperature and recooling to 130® C., it is mixed ■with 10 per cent. o£' 
Prussiaij blue (ground fine and made into a paste with linseed oil), 
the whole being stirred and heated until it froths up. The heating 
of the mass is then continued with great cart, until it thickens and 
turns from blue to brown, the proper thickness being attained when a 
rapidly cooled sample can be drawn out in long threads between the 
lingers. The finished varnish is left to cool slowly, so as to allow the 
undissolved blue, etc., to settle down, the supernatant varnish being, 
filtered, and the sediment used up in. the next batch. Wiederhold 
found that the sediment in the j)ots consists of a resin (soluble in oil 
of turpentine) formed from the linseed oil employed. For use, the 
varnish is thinned down with oil of turpentine, driers being added if 
drying is to proceed at the ordinary temperature. Nitric acid is also 
used in the preparation of blue varnish, being a powerful oxidising 
agent ; but its use is to be dcprecatf^d owing to the difficulties in the 
purification process. More complex formulae than the foregoing are 
sometimes used. For instance, 550 parts of linseed oil, 3 of lead 
acetate, and 1 of anhydrous zinc sulphate are heated together at 200° 
C. until viscous, then mixed with 27|- parts of Prussian blue, 10-^ of 
umber, 3 of Frankfurt black, 3 of manganese dioxide, 6 of litharge,, 
6 of ferric oxide, 3 'of manganese borate, 3 of brown shellac, 2 of 
dammar, 2^ of molten amber, 2-| of saridarac, and heated for several 
hours at 200° C. l)efore thinning down with turps. Mohr has in- 
troduced a method in which parts of ferric chloride and equal 
quantifies of ferrous sulphate and potassium ferrocyanide are in- 
timately mixed, moistened with nitric acid, and dried by heat. 
Meanwhile, 100 parts of linseed oil are boiled for a couple of hours, 
and then mixed with the above preparation, the whole being in- 
corporated with I part of tallow that has been allowed to grow rancid 
in moist air, 1 part of green earthy pigment, 1 of puzzolane earth, 
and 1 infusorial earth. 

Villon's Method . — The oil after boiling is tanked from 15 to 20 
days, then run back into the pot, heated up to 100° C. (212° F.), and 
1 Ih. finely ground bichrome ?i.dded in five portions. It is kept at this- 
heat for quarter o^an hour, then the heat is increased up to 160° C. 
(320° F.) and kept at that for an hour. Prussian blue, 1 lb. for every 

10 lb. of oil (finely powdered and sifted through silk) is sifted on to the 

011 through an iron sieve. The heat is steadily raised until after 3> 
hours it reaches 250® or 300° C. (482° to 572° F.). Much inflammable, 
bad-smelling, irritating fumes are given off during the process, so- 
that the pot should be covered with a hood in the form of a still head 
to carry aA^ay these fumes. A mechanical stirrer keeps the mass in 
motion. Whilst the blue-boiled oil has been in preparation, another 
mixture has been in preparation in an autoclave, viz. linseed oil 100 
lb., copal 100 lb., shellac 100 lb., turpentine 300 lb. This is kept at 
350°^ C. for half an hour, 30 per cent, of this varnish is mixed with, 
the hot oil. A sample of the substance when spread on a glass plate* 
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and cooled should form a deep brown shining coat without any 
stringiness or oily edge. 

Another Formula . — 400 lb. oil are heated to 100'’ C. (212 F.) then 

2 lb. of bichromate addj.d. The heat is increased to 160° F., and 40 
lb. of Prussian blue added. The heat is increased so as to reach in 

3 hours 250° to 300° C. (482° to 572° F.). On the other hand, 25 lb. 
of linseed oil, 35 lb. of copal, 75 lb. of Venice turpentine, and 7 parts 
of csresin are heated to 350® C. (662° F.). The two solutions are 
mixed and thinned with turps. 



Fig. 91. 


Fire Bisks and Prevention of Nuisance . — During boiling, pun- 
gent, inflammable vapours are emitted. Working with small quan- 
tities of oil, all that is generally deemed necessary to prevent fire is to 
have a cover at hand to place on the pot should the necessity arise. 
On the large scale, when the oil is heated in a pan, a hinged lid is 
fixed over the pan during the boiling by means of a cord. If the oil 
takes fire 'the cord burns, and the cover falls automatically on to the 
pan. Different arrangements have been adopted so as to mitigate, 
the fumes. On the small scale, a simple hood connecting with a 
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chimney-stalk of sufficient elevation and draught is placed above 
the pot. 'A better plan is to fix a sheet-iron lid or dome above the 
pot (Fig. 91), provided with an opening by which the process may 
be watched, or the contents of the pot stirred. | The cap is connected 
by means of a pipe with a tall chimney-shaft, the lower part of which 
is closed by a plug. Here thick viscous products with a vile odour 
condense. They are i-emoved from time to time by opening the 
plug. The more volatile products escape trorn the chimney-top. It 
is, however, better not to allow fumes to so escape, and this may be 
effected by causing them to pass through a condenser which may be 
in connection with the chimney. A very simple way is to cover the 
boiling-pot with a movable lid provided with a “window” in the 
centre to easily open so as to permit stirring of contents. On the 
side is a disengagement tube, which can be luted to a pipe con- 
nected with a condenser. The latter may be a pipe, shaped 
like an organ pipe, leading into a vessel containing water, or it may 
consist cl a vertical cylinder, the interior of which contains a 
coil of piping, through which cold water circulates. The vapour 
passes through the space not occupied by the pipes, and is in a great 
measure condensed. The advantage of this is that the wide, straight 
cylinder is not so liable to get choked up. Jt is advisable to use an 
aspirator because the vapours are heavy ; by working with one 
or other of these arrangements condensation is almost complete. 
If need be, the uncondensahle vapours may be led through a fire to 
burn tl^m, as shown. Often no condensation is attempted, and the 
fumes are led directly into the fire. The large quantity of air which 
is mixed with the fumes does away with any danger. It is, however, 
necessary to be careful that the oil in the pan does not catch fire 
when these products are conveyed directly to the fire which heats 
the pan, or to a special furnace. The oil may take fire by the heavy 
vapours condensing in the pipe almost as soon as they leave the pan, 
and should there be any flaw they may run slowly backwards to- 
wards the fire and there become inflamed, and thus heat to redness 
the connecting pipe, which is*generally of sheet iron, and thereby set 
fire to the condens^id products in proximity to the boiling oil, and 
thus to the oil itself. This is easily remedied by protecting the 
lower part of the conduit pipe by fire-clay bricks, and adding a 
damper, so that communication may be shut off should the tempera- 
ture rise too high. If the fumes be condensed by means of a properly 
constructed condenser between the pan and the fire, no fear need be 
entertained. 

Oil-boilmj by Steam . — There are two great drawbacks, viz. danger 
of fire and the dark tint which the oil assumes in contact with over- 
heated surfaces. It has been tried to remedy these by boiling oil by 
steam heat, and ensure perfect safety, economy, and rapidity, advan- 
tages«the more to be appreciated because this method produces pal^ 
oils. The simplest plan is to heat oil in a pan by steam coil. Steam 
VOL. I. 24 . ' 
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at about 4 to 5 atmospheres (60 to 75 lb. pressure) is passed througfi 
the coil so as to heat the oil to about'150“ C. (302'’ F.), but a mtich 
lower temperature, about 40 lb. steam, may be employed. A 
mechanical agitator ^•)reads heat uniformly through the bulk of the 
oil. Working with a pan capable of holding half a ton of oil, when 
oil has been heated for i hour the necessary driers are added, and. 
boiling continued for G hours, the mechanical agitator being kept 
at work all the time. The process is, says Livache, rendered 
more economical by using superheated steam. The steam before 
entering the pan passes through a coil in a furnace capable of 
bringing it to 400'’ C. (752" F.). When the superheated steam in its. 
passage through the coil in the pan has brought the oil to the 
desired temperature, it is then only necessaiy to maintain it at that 
temperature by means of the steam admission valve. But there is 
no necessity for this superheating, 40 lb. steam does all that is re- 
quired. It is not intended to distil the oil, and unless this were so 
there is no reason for superheating. To work as economically as 
possible, the gases evolved from the furnace in which the steam was 
superheated are led underneath the pan and burnt to assist in heat- 
ing the oil. But if this be economical, it introduces the element 
of danger from fire, the obviating of which we had, amongst other 
advantages, in view when adopting the process of oil- boiling by 
steam. In boiling oil by a steam coil there is always a serious 
drawback in maintaining a uniform temperature throughout the 
mass even with continuous agitation. Effectual commingling of the 
oil and driers is impracticable; the latter settle to the bottom, and 
the coil of piping prevents the agitator from reaching them. Were it 
not for this drawback linseed oil could be very w^ell boiled in a com- 
paratively shallow, lead-lined, rectangular wooden tank lined with 
6 or 7 lb. lead. This, however, could be easily got over by pumping 
in air through a perforated pipe laid down so that each coil thereof 
alternated with a coil of the closed steam pipe. This, in con junction 
‘ with the mechanical agitator, would effectually ])revent the drier 
, from settling at the bottom. By suitable mechanical arrangements 
a boiling pan made in this way would be equally- eff ctual and cost 
* less, not only originally but also for maintenance, than the costly 
wrought-iron or copper vessels now in vogu^. But certain manufac- 
turers deprecate the continuous stirring of the oil as likely to produce 
bad results. Andes obtained good results by using a steam-jacketed 
pan (Fig. 92), 85 gallons capacity, 'made from strong iron plate, } 
inch in thickness, and able to stand a pressure of 4 or 5 atmospheres ; ,, 
it is provided with a safety valve, blow-off cock, and a ta^) to run off ' 
condensed water. About 40 gallons of oil are run into the pan, the 
steam turned on, and when the pressure is sufficient the blow-off cock . 
is opened for a minute to allow the steam and air to escape ; this is 
Repeated several times, and the ^.ibape valve adjusted, so that onLy the • / 
LVall quantity of spent steam,' the replacement of which by super- 
bl'^od steam is recessarv to keen the nan and contents at the desirod^n, I 



temperature, is allowed to escape. The condensed water is run off j. 
when necessary. The steam is regulated so as to keep the temperature 
: between 125° and 132° C. (257 and 269*6° F.), and the process lasts 
from 5 to 6 hours, but by prolonging the bailing and using more 
driers better quality oil is obtained. If care be taken not to ex- 
ceed 132° C. (269*6° F.) the resultant oil is pale and bright. To 
stimulate oxidation during the boiling process Andes fixes a mechanical 
agitator on the surface of the oil, which is propelled very slowly. The 
same driers are used as in boiling oil by lire, but it is advantageous 
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Fig. 92.— Steam-jaciketed pan for ^il-boiling fitted with blow-off cock'and pres- 
sure gauge. This nan has the great defect of apparently not beingjprovided 
with a fume condenser. 

to alter the proportions.* Only half of the quantities of lead com- 
pounds should be used, but double the quantities when working ex- 
clusively with hydrated oxide of manganese or manganese salts. To 
economise, two steam pans may be wrought together, the steam 
! passing jfrom the steam-jacket of the one to that of the other. But 
' it is perhaps more advisable to utilise the waste steam so as to heat 
1 in'an intermediate tank the next batch of oil as it comes from the 
'Settling tanks, and previous to the actual boiling. This preliminary 
warming almost does away with the frothing of East Indian linseed 
^oil, a^jd the consequent liability i of the oil to prime over into the 
Icondenser when it is heated in the jacketed pan in the usual way. 
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Vincent's Process for Oil-hoiling by Steam with Simultaneous In- 
jection of Air. — In Vincent's process a pan, preferably of copper, is 
used — having a depth equal to its diameter, of 2 to 10 tons capacity, 
and surrounded withS?a steam-jacket E, up to three-quarters of its 
depth, or to the oil level or a little above it, and capable of withstanding 
a working pressure of 40 lb. to the square inch — into the interior of 
which the steam is led, as a source of heat, and so regulated as to 
register throughout the process a pressure within the jacket of 35 
lb. to the square inch. The top of the pan is closed by a dome 
riveted to it, and pieiced wuth a manhole. In the centre is a 
stuffing-box through which pass two concentric vertical shafts — a 



Fig. 9.S. — Steam oil-boilmg pans, showing how to conno(;t up series from same 
steam supply pipes ; I., exterior view; II., section ; R, agitator ; KKj, steam 
jacket; S, steam coil ; L, law oil charging pipe ; FF, hoiled oil discharging 
pipes ; DD, steam inlet pipes ; SA, condensed water and waste steam exits. 

e 

hollow shaft encircling a solid one — armed with blades. By means 
of exterior gearing (Fig. 95 B) these fans turn in opposite directions, 
and in so doing intersect each other, and thus by their “ dashing and 
cutting” action cause energetic agitation of *the oil and thorough 
incorporation therewith of the driers. From the dome the fumes 
are either led by a 6-inch pipe to a condenser or into the furnace for 
heating the steam boiler. Finally, as soon as the pressure of steam 
on the pan registers 35 lb. to the sq. inch, equal to a temperature 
of 126*8° C. (260° F.), air is injected under pressure by means of 
a pipe passing through the jacket into the bottom of the pan. The oil 
to be boiled at one operation is first pumped into a large reeiervoir 
where it is stored as long as possible ; from this reservoir it is run 
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into an intermediate tank, traversed by a l|-inch coil of iron piping 
through Vhich the waste steam from the pan passes, thereby 
economising expense besides facilitating the deposition of im- 
purities. The oil heated to about 35° C. (J5° F.) is pumped or 
run by gravitation into the pan, and steam turned on in the 
jacket. As soon as the pressure marks 2 atmospheres, 35 lb. to the 
sq. inch, the agitatoi-s are put in motion and air puni])ed in. The 



Fig. 94:.~Steam-jacklted pan wiMi agitator tor oil-boiling, etc., titted witti safety 
valve. A, body of pan ; BBB, steam jac-ket ; C, bomb-shaped bottom ; D, 
blow-off cock ; E, oil o&trance ; F, waste steam and condensed water exit ; 
HH, cover; K, boiled oil exit. Both K and F are titted with turncocks, 
not shown. Tlie pan is also fitted with a pressure gauge. 

finely pulverised drier, beaten up with a little oil to the consistency 
of tre'acle, js fed into the pan slowly and in a thin stream through a 
funnel with a stop-cock fixed in the dome as soon as the oil in the 
pan has become evenly and thoroughly heated through its bulk, or 
about ^ hour after the steam indicates a pressure of 35 lb. Intro- 
ducing the drier in this highly comminuted condition prevents 
coaglilation, and gives practical effect by complete diffusion through 
the oil to Vincent’s theory of oil boiling by steam, which requires 
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each particle of oil to be in contact with, or in proximity to, a particle 
of the drier us'ed and the oxygen of the air at the same time. Air is 
injected in this way so long as it is absorbed and does not cause the 
oil to froth up and pr^e over into the condenser. It was thought 
at first it might be advisable to heat the air before injecting it into 
the pan, but this would appear to be useless, as it becomes so heated 
by the pressure to which it is subjected in overcoming the weight 
of the oil, lifting the heavy valves, etc., that the pipes through 
which it passes cannot be held in a firm grip in the hand, and 



Pig. 95.— Oil-boiling by jacketed pan with dome, A, fitted with agitator driven 
by cog-wheel gearing, B, and pipe, C, leading to condenser; D, discharge pipe. 
It was through this pipe that Vincent injected air into the oil, but his pan 
was no doubt better adapted for this being done than the one shown in this 
figure. ' 

not only so, but its passage through the oil cools the latter but 
very little. The process lasts 4 hours. By means of a 2-inch pipe 
in the bottom of the pan the oil is run into tanKs where it deposits 
any undissolyed driers, etc. It is through this discharge pipe that 
the air is injected into the oil. Injecting it in any other way 'leads 
bo the injection pipe getting choked up with oil-skins, etc. Boiling 
oil by Vincent’s process is especially applicable for use with the 
rosinates and linoleates of manganese. Vincent left us no record of 
the drier he used, possibly it was the borate of manganese ; but the 
solution given under manganese acetate is an excellent drier fo? use 
in this process in the proportions stated. 



The pans for oi]-boiling by steam, as constructed by Greenwood & 
Batley of* Leeds, are made from Siemen’s steel-l)oiler plates, and are 



Fig. on.— Oil-boiling pan heated by steam jacket, fitted with agitator and 
appliances for blowing the oil during boiling. 

;M;|feeam-jacketed round the sides and bottoms. They are constructf 
for a working pressure of 100 lb. per sq. inch, and tested I 
|^]|ydraulic pressure up to 150 lb. before despatch from the work 
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Each pan is fitted with the following accessories, viz. blowing ap- 
pliance in the shape of improved double-acting air pump with metallic 
air valve, and perforated air pipe leading to the inside of boiling pan. 
By the use of the metf|lllic air valve all risk of stop])age is avoided, 
as compared with the ordinary class ol pumps, which are fitted with 
leather or india-rubber valves, or by internal agitator working with the 
double-acting air pump for ensuring the chemicals being thoroughly 
mixed with the oil during the process of boiling. Self-contained 
belt driving gear for actuating the double-acting air jiump and agitator. 
The abo\e is arranged to be driven from any existing shaft, and the 
necessar) steam for boiling is obtained Irom the main boiler of the 
manufactory, where the boiling pan is fixed. Other fittings are steam 
pi'essure gauge, gun-metal steam and dram valves, and main draw 
oil tap with branch pipe. 



Steam-liGat OU-builiwj.- -Thin new construction is most suitable 
for the employment of steam at any pi-essure, l)ut it is es])ecially in- 
tended to remedy the inconveniences arising in h'eating, melting, or 
evaporating such materials of which the boiling- or melting-point is 
higher than 200°. With many of the arrangements employed till 
now, it is almost impossible to pi’cvent these materials from burning 
or igniting. To apply overheated steam direct to the material is lor 
chemical or physical reasons in many cases impracticable. An in- 
direct heating with overheated steam becomes expensive because 
sufficient heat can be gained only if the steam })asses through quickly. 
If the overheated steam is allowed to stagnate in the heating pipes, 
the transference of heat is insufficient on account of its little specific 
heat. Moreover, the boiling vessels always require to have smooth 
walls because of the emptying and cleaning, and serpentine ]5ipes 
must not be put in because they would hinder or even prevent the 
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stirring of a liquid. With the patent boiling vessel all inconveniences 
are claimed to be removed ; it affords great safety in working, and 
permits of special arrangements suitable to alj branches of industry. 
The peculiai’ity of this boiling vessel consisjjs in wrought-iron ser- 
pentine pipes of great strength (for instance, Perkins’ pipes), being 
cast in its massive metal walls so that the heat introduced into the 
pipes is rapidly communicated to the well-conducting walls of the 
vessel which suri’Oimd them, thus reaching the contents of the vessel. 
The inside walls of the vessel are smooth. The outside walls are 
protected against radiation by a heat-protecting coating. The pressure 
of the heating medium, for example, steam or hot water, is completely 
al)Sorbed by the thick-walled Perkins’ jiipes, the walls of the vessel 
being consequently entirely free from pressure. The vessels may be 
provided with ariangenients required for either pui'iiose, such as 
stirring apparatus, steam dome, etc. 



Pid, < 18 .— Oil-boiliiig pan fitted with pipes fov superheated steam, air, or water, 
the pipe-1 hiung fixed in the sides and hottoiii during casting. 

Boiliufi hjj Hiifm'hca{c,d i/'r.— Notwithstanding the advantages of 
oil-boiling by steam, there is one drawback which has been con- 
sidered so serious by some iikanufacturers as to lead them to give up 
this method. Even with superheated and thoroughly dried steam 
there was always I certain amount of moisture which acted on the 
metal of the pan, piercing it in holes and causing bursting or explo- 
sions. Superheated air was therefore substituted for superheated 
steam. This air is drawn by a fan from the supei heater to the 
(steam) coil or jacket, and is again returned to the superheater, thus 
working in a continuous cycle. The difference between the specific 
heat of ste«,m and that of air renders the economy of the hot-air pro- 
cess very problematical. The coil in the pan is of copper, which, 
although dearer than an iron one, does not colour the oil. As copper 
is also attacked by hot oil, it has been recommended to electro-plate 
it with silver. The coating need only be but very thin, as it under- 
goes *iio wear and tear. 



§f6 » Trf'iitAlflrif'ACTinffl OF VJOiNiSHES. ' ‘ 

links for, and Changes which take Place in, Oil-boiling.— Three 
points require attention : (1) Th.e amount and nature of the driers ; 
(2) the temperature of .boiling, and (3) its duration. When working 
with naked fire, the qi^ntity of drier varies from 2 to 4 per cent, of 



lead compounds and 1 to 2 per cent, of hydrated oxide of manganese* 
The deposit which forms at the bottom of the pan consists of a 
viscous mud, and when a drier with a lead base has been used, we 
also find a notable quantity of metallic lead, whilst the boiled oil 
itself only contains about 1 per cent, of oxide of lead. It folldws:, 
s 1^) the oxidisable principles of the oil have reduced a certai^i 
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ifuantity of oxide of lead ; (2) that a certain quantity of oxide of lead ■ 
I is throwA down in the form of lead salts insoluble in oil ; (3) that a 
part of the oxide of lead enters into a soluble combination with the 
oil ; this combination takes place by the siyiple saponification of 
certain glycerides of the oil, and consequently a corresponding 
quantity of glycerine is liberated. These different reactions are set 
up from the commencement at a moderate temperature. When 
manganese is used instead of lead, the boiled oil contains about 
per cent, of oxide of manganese. 

The temperature ought to be regulated between 210" and 228° C. 
(410° to 442*4° F.) so as to get a good boiled oil, because (1) oil when 
heated commences to give off’ volatile products at about 230° to 236° 
C. (446° to 456*8° F.), with the formation of fatty acids which yield 
oxidation products of inferior quality, requiring longer time to dry. 
When it is required to .produce a limpid oil with but little body 
(which is not always the case ; take printers’ ink, for example), it 
is advisable not to go •beyond 230° 0. (446° F.). (2) Again, as a 
consequence of the saponification of a sm'all quantity of oil a corre- 
sponding quantity of glycerine is liberated ; now if this glycerine 
remained, in the free^state, in the oil the oxidation products would 
never dry perfectly but remain tacky. The glycerine must therefore 
be eliminated ; this result is obtained by prolonged boiling, for the 
.glycerine is partially carried away by the volatilisation of certain 
principles of the oil, which are given off in small proportion during 
* the wlK)le process, however carefully regulated, and even although 
the temperature remains lower. than the temperature of distillation of. 
glycerine. Another portion of the glycerine decomposes under the 
action of prolonged heat, either in presence of metallic lead, as found 
at the end of the operation, or into volatile products such as acrolein, 
acrylic, formic, or acetic acids, and finally the larger quantity reacts 
upon the triglycerides of the oil, forming diglycerides which after- 
wards oxidise and dry perfectly. Now this latter reaction in which 
1 molecule of free glycerine^ combines with 1 molecule of a trigly- 
ceride to form 2 molecules of a diglyceride, says Livache, occurs at 
200° C. (392° F.), €(,nd to get good results, therefore, the tempera- 
ture should not get belo\^ 200° C. (392° F.) nor rise to 230° C. (446° F.). 
A temperature of 220° and 228° C. (428° to 442*4° F.) is aimed at. 
Finally, the process lasts from 3 to 6 hours according to the size 
and shape of the pan, and the manner in which the furnace is built 
on which the paU is heated. The oil ought to he boiled long enough 
for tlJe abt^ve reactions to occur, but the boiled oil finally obtained 
- is better in quality the longer it has been boiled, for on prolonged 
boiling a polymerisation of the glycerides takes place, giving a final 
■ product which oxidises more rapidly and is very elastic after dryings 
' According to Livache, this is the reason why in England, instead of 
^^%}iliAg rapidly so as to “ break ” the oil as in France, the operation 
^torried on very slowly at the lowest possible temperature, tb^r, 
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boiling proceeding for several days, sometimes for even a week. But, 
as already mentioned, the fire boiling of oil is long out dl date in 
Britain. ^ 

When oil Is boiled^ by superheated steam, or superheated air, the 
temperature is regulated between 125'' and 130° C. (257° to 206° F.). 
The latter is superheated to 4 or 5 atmospheres, relaxing in the 
steam coil or jacket to about 2 atmospheres. It will be readily 
understood, looking at the matter Irom the double point of view of 
safety and economy, how difficult it would be to superheat the steam 
to such a temperature that the steam in the coil or the jacket would 
be at 200° C. (392' F.), because it would be necessary to heat the oil 
to 15 atmospheres. Consequently the liberated glycerine remains to 
a larger extent in the oil, and thus prevents it from drying so well as 
fire-boiled oil. However, as the oil boiled in this way is very pale, 
endeavours have been made to get over the difficulty, either by using 
a larger proportion of manganese drier, so as to have a more energetic 
oxidation and thereby a splitting u]) ol the glycerine, or, preferably, 
by ])roducing direct oxidation by a current of hot air, or finally, by 
causing a current of air to circulate through the whole mass of heated 
oil, or by projecting on the surface of the oil a small quantity of 
water so as to carry away the glycerine in its train. However this 
may be, it is most likely the reason why many persons prefer oil 
boiled by tire-heat. Nevertheless, ])rolonged boiling by steam 
diminishes and even abolishes this drawback. 

Clarijir(i.tl(m af 1 tolled Oil. — Wben boiling is finished the oil con- 
tains (1) suspended solid matter, (2) coagulated or carbonised organic 
matter, (3) insoluble salts, (4) undeconqiosed or unreduced drier, etc. 
To hasten deposition the oil should be left at lest as hot as ])ossible, 
because it is then more fluid and limpid, thus facilitating the more 
rapid deposition of extraneous matter. It should therefore be l un 
from the lioiling pan into the settling tanks as soon as the steam is 
turned off the pan. Working with small pans which can be easily 
handled, all that has to be done is to Ihc them off the fire and to let 
them stand for 8 days at least. But when working with large-sized 
pans built in masonr>, they must lie em])tied quickly, b} a ladle or 
by a })ump, as hot as possilile, into a reservoir of the same size, 
where it is left to deposit for a fortnight at least. There need be no 
difficulty in drawing hot oil from one vessel^ at a certain level to 
another vessel at a lowxu’ level by means of a lead-pi] le syphon, 
which should be perfectly dry and filled with U'arm oil and held in 
the hands by a piece of stout felt if it be desirtd to touch jt after it is 
set. In setting it the charged syphon should be brought as close to 
the surface of the hot oil as possible before letting go, or the end of 
the syphon may be plugged up and the plug driven out after it has 
entered the oil. After standing for a fortnight the decanted oil may 
be sent into the market. If stored too long before being used, the 
oil, at first limpid, becomes cloudy, or at least dull, when knocked 



BOILED OIL. 


881 


^bout in moving or transported in barrels. This is due to chejnical 
changes, which supervene slowly throughout the mass. All that has 
to be done is to allow the oil to stand for a day or two after it has 
reached its destination, and to decant cautiously. The amount of 
deposit formed in this way should not exceed®! to 2 per cent, of the 
oil. Some oil boilers, who ought to have known better, have been ' 
known to fill boiled oil into drums for despatch abroad after scarcely 
24 hours’ settling, and that after boiling with 10 per cent, of cotton- 
seed oil ! It need scarcely be remarked 
that goods made in this w^ay are liable 
to be returned, and orders lost never 
to be regained. When cotton-seed oil 
is cheaper than linseed oil it is some- 
times attempted to l)oil it in the pro- 
portion of 10 to 20 per cent, with 
linseed oil. An oil produced in this 
way will never clarify^ leaving alto- 
gether out of account its diminished 
drying properties. Its very (juestion- 
able recommendation is that it is an 
excellent way of pro*ducing a siqier- 
abundance of boiled - oil “ foots 
Cotton-seed oil is, in fact, only classi- 
fied as drying oil to fit in with the 
ideas «f theoretical chemists, who 
would fain make practice and actual 
facts subservient to theory. They 
choose to ignore the fact that steanne 
abounds in cotton-seed oil, and that 
nothing will prevent the stearate oJ 
lead and manganese from continuously 
settling out ad infinitim. 

The very prolonged storing of 
boiled oil, far from improving it, de- 
teriorates it, especially in the case of 
lead-boiled oil. After from 5 to 10 
years the oil separates into two frac- 
tions, the one solid and brittle, whilst 
the other, retaining its fluidity, can 
still be used. Oils containing manganese alone do not alter in this 
way.* The deposit formed during oil-boiling varies, according to the 
quality of the oil and the boiling process adopted, from 5 to 8 per cent, 
of the quantity of oil treated. It is of medium consistency, and, ac- 
cording to the quality of the oil, the colour varies from white to 
yellow. And6s states that impure, bad quality oil gives a white or 
yellow deposit, whilst well-purified good oil yields a brown one^ with 
no. granular or crystalline appearance. If the boiling process has 



Fui. 100. — Clanlication of oils by 
deposition. Tank for storing 
oil, showing conieal arrange- 
ment for deposition of foots 
and draw-off cocks at different 
heights. (Donovan & Co., 
Ltd.) 
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been well conducted, i.e. at a teinperature not exceeding 220® C., 
this deposit constitutes the only loss. It is carefully collected, being 
worth sometimes as much as 50 to 60 per cent, of the oil used. It 
finds a use in the manufacture of mastic (cements), soap and low- 
quality paints, especially low-quality blacks, the tint of which it does 
not injure, whilst it greatly improves their naturally bad drying pro- 
perties. When rosin was cheap and rosin oil did not cost more than 
£5 a ton, the lofis in oil-boilintj and the cost were compensated by 
adding 2 or 3 per cent, of thick rosin -oil to the raw oil before boiling. 
This percentage does not affect the finished oil to any great extent. 

Boiled Oil . — Boiled oil or oil prepared as just indicated is a very im- 
portant factor in painting. However, in house decoration luw linseed 
oil is the vehicle used in painting. Raw linseed oil penetrates wood and 
that is supposed by many to be a virtue, whereas the imnenetrability of 
wood to boiled oil is held by many to be one of its drawbacks. It is 
ground along with white, that is to say, white lead, so as to obtain 
a soft paste, which is thinned down in various proportions with linseed 
oil and spirits of turpentine until the desired fluidity is obtained. If 
a certain shadeds desired, the colouring matter beaten up with a small 
quantity of oil is added ; finally, if very rapid drying is required, 
what are known as “ Patent Driers ” (siccative's) are added. These 
may consist of (1) a solid powder (litharge, red lead, or zumatic, i.e. 
a mixture of oxide of zinc and borate of manganese) : (2) litharge or 
manganese-boiled oil when there is no reason to lear the painting, or 
by a drying oil, the drying properties of which have been stimulated 
by appropriate treatment (precipitated lead, acetate of lead, etc.) ; or 
(3), finally, of special preparations, the base of which is oil known 
under the name of liquid driers, but which are only used with 
coloured pigments, as they turn white tints yellow. The paint so 
formed slowly changes when spread upon any surface in a thin layer 
to a solid body, which forms a protective coating against external 
influences. The paint ought not to dry too quickly, tor the slower it 
dries the more it is capable of expanding, and thus lasting the longer. 
The fluidity ought to be such that the paint flows easily from the 
brush whilst at the same time it does not run in streams, but spreads 
out in a continuous homogeneous coating. The coating must also 
be thin enough to prevent the formation of {pellicles at the surface, 
which would hinder the part underneath from drying. It is there- 
fore advisable to apply several successive coats. '^But each of these 
ought to be allowed to dry thoroughly before the succeeding one is 
applied. With linseed oil substitutes, none of which can possibly 
form insoluble linoxin on drying, the second coat of paint 'is sure to 
disturb the first, especially if applied to outdoor work in warm weather, 
and if spirits of turpentine or thinners be added to hasten the drying. 
Substitutes of all kinds sJiould be avoided. They give rise to more 
^,worry and annoyance than eventual economy. In some extreme 
, instances one might as well apply methylated spirit to wood coate^|: 





with brown hard spirit varnish as apply a second coating of. these * 
•‘.substitutes. In using boiled oil a brilliant coating is not aimed at, 
the question ol appearance being subordinate to that of resistance and 
durability. It is preferable to impart brilliancy by a final coat of 
varnish. For the grinding of paints in oil,litiff and liquid, see J. 
.OiTiickshank Smith's Man itf act ure of Paint (Scott, Greenwood Sc Son). 

Qualitative Teat. Boain in Boiled Oil . — As a qualitative test for ‘ 
purity of boiled oil Gippert recommends the Storch-Morawski reaction ; 

2 or 8 drops of boiled oil are dropped into -J-inch test tube, taking 
care not to come in contact with the sides, or the oil will char in the 
sulphuric acid afterwards added. About H c.c. of glacial acetic acid ' 
is then poured in, well shaken up, and left to rest until most of the 
oil has collected on the surface, a little sulphuric acid (sp. gr. r53) 
is run down the sides of the tube, and collects at the bottom. At 
the contact zone between the two acids there forms a brown ring, 
which assumes different colours in the upper portion, and is rendered 
more prominent by geqtle shaking. Pure boiled oil, containing lead 
or manganese oxide driers, boiled with the oil, gives a dark brown 
coloration, w^hereas rosinates or added fish oil or rosin oils, will give 
red to blue shades. Maize oil, said to be largely used as an adulterant 


of boiled oil in Amertca, also gives a red coloration. A pure linseed 
oil, w'hich gave no colour reaction, was boiled with an addition of 
rosin driers prepared by dissolving lead oxide and manganese hydrate 
in rosin, when the temperature attained 150' C. This latter, too, 

^ gave n^ colour reaction in the Storch-Morawski test, but the result- 
ing boiled oil gave a beautiful blue colour in the acetic acid layer. 
High priced linseed oil has led to considerable adulteration with fish 
oils, a very large quantity of sardine oil having been exported from 
Spain for that purpose. Oils adulterated in this waj' w^ere tested by 
the Storch-Morawski reaction, and mostly gave a violet coloration. 
Saponified and shaken up w'ith water they all exhibited considerable 
turbidity ; and when extracted with petroleum spirit furnished a thick 
oil of disagreeable odour, which (unlike rosin oil) w'as readily soluble 
in glacial acetic acid, and J^ave a beautiful red coloration under 
the Storch-Morawjki test. This substance was analogous to that- 
extracted from fish liver oil by Jean, and gave the same handsome 
purple colour reaction ^hen treated with a drop of sulphuric acid, 
the acid turning red. The faculty of furnishing this colour 
reaction, however, disappears when the oil has been exposed to light 
for some considerable time ; and a similar behaviour was observed in 
the above when stored in the light for a year. The actual presence 
of fish oil v^as also proved by the extraction of cetyl alcohol, melting 
at 50'’ C. In connection with the alleged drying properties of fish 
oils, it is mentioned that these oils when mixed with driers throw' 


ddwn a copious precipitate, and therefore render the dryers inopera- . 
stive. • Moreover, the paints prepared with such oils remain sticky for 
^ muddy appearance, so that there does not seem tb ■ 
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be any prospect for the adoption of fish oils as paint vehicles (Chem. 

Rev. Fett. u. Harz-Ind.). < 

Linseed Oil Snbstitiiies — The varnish-maker and oil boiler and ' 
paint gi’inder often require substitutes for raw materials which have 
risen in price, and alsd-to change raw materials which have not risen, i 
when painters can neveitheless no longer afford to use the products 

■ made with them. i , 

The pale colour, somewhat thick consistency, and slight smell 
(when well made) of refined rosin oil (RRO) have naturally brought it 
to the front as a substitute for linseed oil when the latter is too dear. ; 

The objections that have been urged against rosin oil are that boiled , 

oil in which it replaces part of the linseed oil will not answer with i 

lead or zinc pigments, but make a hard cement-like mass after only } 

a few days, that the coats easily turn yellow, do not dry properly, or J 

only very slowly. The slow drying of rosin oil and linseed oil when j 

boiled together cannot be remedied even by large quantities of liquid J 

drier. This addition, too, greatly darkens the, colour. It is true that 
good drying rosin oil is made in England, more especially in Scotland, 
and a few places elsewliere ; but once it is mixed with linseed oil it loses 
its drying power to a great extent, and the varnish will dry no better 
than if inferior rosin oil had been used. To make oi’dinary refined j 

rosin oil drying, it is heated by steam in shallow pans, and kept at ' 

about 130'' (1. for from 2 to G hours. From 3 to o per cent, of drier 
(borate or I’osinate of manganese) is then added, and the sg^me tem- 
perature is kept up for another hour. Of late, solutions of rosin in 
petroleum are added, together with the rosin oil, to the linseed oil. 

The rosin makes the result better, but does not improve the drying 
qualities. It is true that a mixture of good diying linseed oil, with 
not more than 25 per cent, of i-elined rosin oil (KKO), dries well, but 
it has the drawback of decomposing with lead pigments. 

Pietzker, of Hamliurg, makes I’osin-oil varnish fi'om fused rosin, 
with sulphites or hyposulphites as driers, and then dissolving the 
whole in the rosin oil. His jirocess is to melt some rosin, dissolve 

■ resinate orlineolate of manganese, lead dr copjier in it, and then, when 
the temperature has fallen to 100° C. he adds 20 to 10 per cent, 
hyposulphite of potash, lime, magnesia, lead, oi' zinc, or sulphite of 
potash, either dissolved or stirred up in wa'ter. The whole mass is 
carefully stirred, and kejit at 100° C. till all the watei- is evaporated 
and the mass is quite limpid. The sulphur compounds are then 
allowed to sink to the bottom. Of the rosin thus prepared, from 5 to 
20 per cent, are poured into hot rosin oil, in which from 3 to -5 per 
cent, of the above-mentioned rosinates or linoleates have been 
previously dissolved. The same result is attained by dissolving in 
rosin oil 5 to 15 per cent, of rosin and 5 per cent, of a linoleate or 
rosinate, and then adding 5 per cept. of the hyposulphites dissolved 
in water, and heating and stirring to'" get rid of all the water. A fetter 
process is as follows : From 3 to 5 per cent, of rosinate or linoleate ^ 
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of manganese or lead are dissolved in i-osin oil. The solution is 
stirred^ up at 50" C. with a strong solution of a chlorate or chlorite. 
The mixture is then allowed to stand without* cooling till the water 
and oil have separated, and the oil is quite deaf and can be poured off. 

Definitmi. — If the French equivalent for our boiled oil, cuiie, 
be readily recognisable, it is not so with the German equivalent, FirmsSy 
which smacks too much of our “ varnish For over three decades the 
present author has been protesting most energetically against the 
German Firnlss being rendered into English by incompetent and 
unlit technical translators as “ varnish,” but they are incorrigible. 
Mulder defined Firnun as including all substances which leave 
a shining dry surface, when a solution of a solid body in a fluid,, 
which latter when applied as a film evaporates, leaving behind a shin- 
ing elastic film — very apparently a false definition which applies both to 
our own oil varnish and to the German Lack and the French VerniSf 
and not at all to the German Firniss, nor to our own boiled linseed oil, 
nor to the French JlaiU rtulc. Even German authorities themselves 
declare very positively it would be far better to deline their Firnmc as 
(jekocJites leinol. J n Germany this false definition of Firnisse is so 
general that Weger rightly describes it {Firnme) as a linseed oil, heated 
to a high temperature and maintained thei'eat for some time. Lippert 
takes Leinol firnme to mean a linseed oil containing hiad or man- 
ganese. It has been a great drawback that both the English and 
French false rendering of the German Firnme should be varnish and 
Vernis i^spectively, and not rendered truly as boiled oil imd II wile cniie. 
This false rendering has been the cause of a continuous How of 
most ridiculous technical ultra-stupid errors in fact for several decades. 
It has already been stated that linseed oil containing driers is termed 
boiled oil, which definition, be it well undei’stood, is wholly and solely 
applicable to boiled linseed oil. There is no such thing on the market 
as a genuine sample of a boiled oil in a general sense other than 
linseed. The purchaser of boiled oil invariably means “ boiled linseed 
oil But this definition is reg^irded by some authorities as incomplete. 
Weger defines it thus: boiled oil {Levwl firnisse) is a linseed oil 
prepared with oxygtn, or substances containing oxygen, which dries 
in the air, in a thin film in less than 24 hours. This definition was 
added to later on, and boiled oils were classified as (a) oxidised boiled 
oil, [b) linoleate. boiled oil, and (c) rosinate boiled oil, by Lippert. 
In preparing boiled oil we are told that it varies in quality with the 
geographical source of the raw oil. Oil from Baltic seed is to be 
preferred to,all others. A very good boiled oil is produced from the 
oil from Dutch and Morocco seed. Then follow (1) Indian, (2) S. 
Kussian, (3) North American, and finally (4) La Plata seed. Both 
(a) soil and (b) climate influence the quality of the oil. A great 
value has been attached to old tanked linseed oil, i.e. oil that has been 
stored* a long time, as being, in virtue of such storage, especially 
suitable for varnish-making. Numerous writers, including Wilson 

vni, T. 2.5 
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Neil, from whom most of them have copied without acknowledgment, 
have preHcribed that linseed oil for varnish-making should be, stored 
1 to 2 years. 

Mulder gave the f^Jlowing instructions for preparing a good boiled 
oil : Linseed oil is boiled with 8 per cent, of red lead, with access of 
air for 2 hours — no temperature was prescribed — allowed to settle, 
and filtered. To finish, the boiled oil so obtained was sun-bleached, 
in lead-lined vessels. As far as the chemistry of oil-boiling was 
concerned, Mulder found that on heating linseed oil with lead oxides, 
at water-bath teinperatur.s a certain amount of glycerine was split off, 
and that the corresponding quantity of lead went into solution as lead 
linoleate. 

S(i'])onificaiion of hhiaecd Oil hy Lead Oxide.— C, H. Hall believes 
that during the action of lead oxide on linseed oil partial saponifica- 
tion may occur, but that idea goes back beyond the memory of man. 
If litharge or red lead be mixed with linseed oil to form a paste, the 
latter with access of air becomes thicker and can be drawn out between 
the fingers. The cause cannot be alone ascribed to the formation 
of linoleate of lead, which only dissolves in linseed oil in the cold with 
very great difiiculty to sc])arate out afterwards, J. B. Hannay treats 
the question differently. He found that during the heating of linseed 
oil with litharge to 170'^ C. (388'" F.), he only obtained glycei'ine-free 
water. From that he concluded that the lead oxide was distributed 
between the glycerine and the fatty acid, with formation of a plurnbo- 
glyceric linoleate \\ith the following formula 


CIL . 0 . Pb . 0 . (10 . Cj,H,, 

(ill . 0 . Pb . 0 . CO . Ci;H,,, 

CH., . 0 . Pb . 0 . CO . Ci;H,„ 

Finally this lead glyceride plays an important rcMe in. drying. 
Many believe on very good grounds that oil-boiling consists in dissolv- 
ing a certain amount of lead or mangajnese in the oil, amongst others 
Dr. Sabin of New York. 

The Degree of Heat Used in Oil-hoiling. — The necessity for oil- 
boiling has already been urged. Chevreul .told us that oil heated to 
70'’ C. (158° F.) for 8 hours dried better than oil heated to a high 
temperature. Mulder denied it. He heated linseed oil in a retort 
without any acceleration of the drying power ; he also heated a linseed 
oil for J hour and then boiled it for -J hour with a similar result. ^ How- 
ever, he regarded the actual heating of linseed oil in oil-hoiPng as useful, 
as by its means his linoleic anhydride was prepared, which does not dry 
any further, and which in virtue of its ruhber-like nature improves the 
film. It excludes air and volatile matter. It, however, is soft and 
does not cover well, therefore the paint does not set well. Weger later 
asserted that the temperature of oil-boiling does not affect the drying 
time of the oil, e.g, Weger heated a linseed oil for 3 hours with 3 
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per cent.^of red lead to 200° C. (392° F.). The oil took 3 days to 
dry ! with an oxygen number of 14’0, whilst linseed oil prepared from 
soluble driers solely in the cold dried in 4 hours. Be it well under- 
stood that 3 per cent, litharge would have giveil quite different results 
to 3 per cent of red lead. 

Friend thickened Baltic linseed oil by heating (a) to 200° C. 
(392° F.) for 30 hours, (/>) to about 300° C. (572° F.) for 3G hours, 
(o) to about 300° C. for about 42 hours without appreciable oxidation, 
with the result that (1) the coefficient of expansion steadily fell, (2) 
the density and viscosity rose with the temperature and length of 
treatment, (3) the molecular weight in benzene solution rose from 
740 for the raw oil to 760, 1000, and 1420 respectively. A thin film 
of linseed oil when exposed to oxidation loses very appreciable 
quantities of water, and organic vapours.^ Maximum increase 
in weight merely coincides with a point of equilibrium at which 
the oxygen absorption ^counterbalances the loss due to escaping 
vapours, and there can be no ratio between the increase in weight. 
With a sample of pure Calcutta linseed oil during the various 
successive stages of oxidation the density of the oil gradually in- 
creased, the expansioli coefficient fell, there being an increase in 
volume up to the setting point |.sw| of the oil, after which the linoxin 
[sic] slowly contracted. The maximum increase in weight occurred 
after the oH had reached the setting point.- The expansion is depend- 
ent on tj^e increase in weight so that the addition of certain substances 
to the oil which reduce the maximum increase in weight probably by 
facilitating the escape of volatile substances also reduces the expansion. 
The contraction suffered by linoxin on prolonged exposure to air 
explains the cracking of old paint. 

Effect of Jioilimj Linseed Oil at a Tlif/h Temperature . — The boiling 
of linseed oil at a high temperature is prejudicial, and with lead-boiled 
oils colour and hardness are injured. But if a linseed oil be heated 
without driers for 120 hours to 150° C. (302° F.), it is very long in 
drying, but very impervious ahd lustrous. It leaves a dark film. 

Thick boiled oil is naturally difficult to apply in uniformly thin 
films. Fahrion applied three partially so-called polymerised [sic] 
linseed oils on tin plates, left them 10 days in the air, and determined 
the autoxidation products, viz. the oxyacids. 

EFFECT OF P*ERCENTAGE OF OXYACIDS IN LINSEED Oil. ON 
RAPIDITY OF DRYING. 


4 

• 1 

• ' 

A. 

B. 

C. 

Per cent, oxyacids, before . 

0-5 

4-4 

7-G 

„ „ after 

30-G 

20-8 

16-4 

• 





* ? Acrolein.— J. G. M. 

‘Both contraction and maximum increase in weight seem incompatible. 
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He concluded that boiled oil dries the better the less oxyacids it 
contains. This conclusion is not, he states, free from risk of error, as 
without doubt, in th^ case of B and C, the films were thicker and 
therefore the process t/as not complete in 10 days. 

Lippert got for a stand oil with a steady rise, inner half 24 days, 
with oxygen number 9'6. To account for this low number he con- 
jectured that during drying depolymerisation [nic] occurred. 

Weger obtained in a much shorter time, hut with more slender 
films, still higher numbers, viz. 18 days for a stand oil, IM; for 
a thickened oil, 10-7. The maximum weight occurs at the time of 
drying. The drying point is not sharp and is difficult to ascertam. 

A remark of Genthe’s that linseed oil heated to 350|^ C. (672 F.) 
does not dry any more needs no contradiction. As Fahrion points 
out, in actual practice there is no over-boiled oil. 

Does a Mncilaifinons Oil Yield a Defective Boded OdJ Weger 
asserts that linseed oil mucilage in oil-boiling in nowise plays an 
important role, and mucilage-containing and mucilage-free oils gave, 
on the large scale, no difference in drying ; the latter dried sometimes 
better, sometimes worse. Weger collected the coagulated mucilage or 
“foots” from a large quantity of oil on a filter, and tried, with little 
success, to free it from oil by draining through porous tiles. It then 
formed a yellowish gelatinous transparent mass, which still left very 
good films on glass plates, and in 3^ to 41 days gave an oxygen 
number of 12-8 to 14-7. It has been urged that a previously de- 
mucilaginated oil is therefore not a desideratum, seeing raw oil is 
seldom used in oil-boiling, but is mostly bleached with fuller’s-earth 
or sulphuric acid. But that is not correct. Oil so prepared is used as 
a vehicle for white colours, and every one of sound common sense 
will agree that Wilson Neil acted on the most sound principles 
conceivable when he freed linseed oil from mucilage by calcined ' 
magnesia, which if dearer than fuller’s-earth is a much superior re-\ 

agent for the purpose. • 

Weger’s definition of boiled oil includes oil boiled without driers, 
but which has been treated with oxygen to produce previous oxida- 
tion. Hence linseed oil on blowing absorbs '‘a known weight of 
oxygen and passes into linoxin quicker 'than raw oil. Prior to 
Mulder various opinions prevailed regarding previous oxidation. 
The oiiygen of the air acted during oil-boiling by diTect removal of 
the u/ed-up vapours by the current of air (Webster). Against this 
Binl^s concluded to get a good boiled oil with 0’2 per cent. !^InS04. 
0*6 per cent. PbO should be warmed ^ hour at GO'’ C.,cand then a 
current of air blown through it, between 35 and 40° C., to thicken the 

oil and dissolve the drier. i • 

According to Mulder, partial oxidation of the oil during 
boiling was due to the use of litharge. When red lead was used a 
partial oxidation with formation of lead linoxate occurred, also when 
air was excluded. Lead linoxate, writes Mulder, produces a harden- 
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ing of the film, whilst by heating linseed oil with litharge, with ex- 
clusion 0 ^ air, lead linoleate is formed. Finally, Mulder imagined 
this was confirmed hy the following expeiirfient : oil boiled with 
2*6 per cent. PbO was mixed with 25 per cent.|Of white lead, and the 
mixture, spread on tin plate, exposed to the air. 

Blonii Oil — The exact time when linseed oil was first blowm dur- 
ing oil-boiling is iinknowm (C. Vincent, 1870). German literature is, as 
usual, probably in error historically when it states that blown oil came 
on the German market from England, and its use as boiled oil directly 
recognised. But Weger denies it is boiled oil. He found that wdth 
cold oil blown for 25 hours the oil neither thickened nor dried 
quicker, it absorbed little or no oxygen. On blowing the oil with the 
aid of heat the increase in weight in a thin laycn begins sooner, and 
is much more rapid tow’ards the end than is the case w'ith the l aw^ 
oil But the rapidity of drying is not accelerated ; thus if a linseed 
oil dries in 3 days w’ith the oxygen number of 15T, by blowdng this 
oil on the large scale between 13(1 to 140" C. (266 to 284" F.), it 
likewise dried in 3 days with the oxygen number of 14-0. Both 
samples wei’e 8 years old. 

A raw Indian lin^^ed oil dried in G days with the oxygen number 
of 16*8 ; the same oil blown for 25 hours at 250" G. (482^" F.), and 
thus very viscous, dried in 64 days wdth the oxygen absorption 9‘3 
per cent. 

Sleenhciu/s llewai'vlm on Blown 0/7.s*. — From these he concluded 
that the thicker the body of the oil the longer it took to dry. With 
the appearance of soluble driei-s, the blowing of boiled oil w^as said to 
come into vogue, but only during part of the time. But oil-blowing 
w'as very general before soluble driers, possibly it w^as borrow^ed from 
the lubricating oil industry or the linoleum industry. It simply con- 
sisted in blowing the oil for 1 hour at 120"' to 150° C. In an example 
given by Weger the temperature wm lower. A linseed oil with 2-^ 
per cent, of lead manganese rosinate added to it in the cold, dried in 
1-| days with the same oxygen absolution. Again, Dunlop and Sherk 
have showm that the iodine number of a long blown lead-manganese 
/ biled oil had sun If to 24'9. 

1 Ozonised Oil . — An e«iergetic method of making a more rapidly 
k'lng oil is partly due to the action of oxygen. Linseed oil treated 
p ozonised air for 2 to 8 hours increases in thickness and assumes 
the properties of boiled oil. Schrader and Dumoke tried a Wief 
(miration. The reaction proceeds when linseed oil is placed in flat 
jins, especially in sunlight, which, moreover, acts of itself. The oil 
kches, thickens, and dries quicker. Sherry converted non-drying 

i by ozone, using platinum black as catalyst, into drying oils, 
ines’ electro boiled oil is prepared thus : A mixture of linseed 
i converted by a strong agitator into a permanent emulsion, and 
fectric current passed through it simultaneously. The decom- 
position of the water generates ozone, whilst the linseed oil with in- 
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crea&ed temperature is so altered that it dries more rapidly the longer 
the above treatment lasts (see And6s, “Drying Oils”). Weger 
found an oil so treated, dried in to 2 days, with an oxygen number 
of 15*1 to 16*7. Yet he found that most ozonised oils, the bulk of 
which came from England, contained Pb and Mn. Genthe made a 
series of experiments with a technically blown oil, free from lead and 
manganese, which he found to dry quicker than other boiled oils, 
which he himself had made in a manner not free from error. 

AssessiiKj Boiled Oih. The Lewjih of Time a Boiled Oil Takes 
to Vry. — This naturally figures in its valuation. The maximum time 
has been given as 24 hours, but generally is not nearly so great. Yet 
the saying that a boiled oil is so much the better the quicker it dries is 
untrue. “ Quick drying ” and “ good drying ” are two different things. 
The “drying test” is used to estimate the time of drying. The 
boiled oil is spread uniformly either on glass or tin plate, and the 
gradual hardening followed up with the fingers. The estimation of 
the oxygen number is done in a practical manner. It is the be-all 
and end-all as well as a refinement of the drying test. 

Method of Estimating the Percentage Increase in Weight of Boiled 
Linseed Oil Daring Drying. — The increase in, weight of the oil, due 
to the absorption of oxygen is estimated thus : A drop of boiled oil 
is spread by a clean brush, or by the fingers, or a dainty spatula, in a 
uniform film not more than 1 mg. per sq. cm., but not too thin, on a 
perfectly clean and completely dry glass plate. This is then pro- 
tected from dust and dirt and direct sunlight, and then left lo itself 
at about 15^" C. The film is tested from hour to hour, later on at 
shorter intervals with the finger-tips, until it is no longer tacky and 
is completely dry. 

Faults of Thick Film Tests. — Thick surface drying, which occurs 
mostly with thick films, with a bog of undried oil underneath, fixes 
dust, and on drying therewith causes discoloration. Closely allied to 
the time of drying are the properties of the dried film. A good boiled 
oil should yield a lustrous, transparent ^olid, but elastic film (with no 
bog of undried oil underneath), capable of withstanding atmospheric 
influence. 

Influence of Source of Haw Oil. — Linseed oil from Russian seed 
dries more free from tackiness than Indian and La Plata seed. 

Superiority of Lead-boiled Oils.— In lead-boiled oifs it is claimed 
that the oil film is more of the nature of leather, whilst manganese- 
boiled oil is harder and more brittle. Finally lead-boiled oil, after a 
certain time, shows a very strong adhesion of the oil film. « Generally, 
blown oil does not dry very hard. A high free rosin content renders 
the film tacky. Rosinate of lime renders it very hard. But both are 
adulterants pure and simple of boiled oil. 

The Personal Element in Testing Bapidity of Drying. — In testing 
the rapidity of drying with the fingers, the personal element intervenes 
so that, under quite identical circumstances, different operators may 
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find quite ditferent times of drying. The slightest pressure of a & feet 
3*inch giaftt may go much further than the heavy pressure of a bantam'. 
Attempts have been made to eliminate this peiiBonal element. Ban- 
dow, instead of the fingers, used small strips paper at intervals of 
i hour. When these can be removed without part of the film re- 
maining adherent thereto, the latter is dry. 

Testhyj the Elasticity of a Dried Film of Boiled Oil. — To test the* 
elasticity of the film, strips of drawing-paper were coated two or three 
times and well dried. Then the strips were folded twice backwards and 
forwards, covered with a glass plate, and the latter weighted for 24 
hours with 2 kilogrammes. The folds should then show no cracks. 
Steensdruf hung strips of paper in the boiled oil ; the quicker these 
dried, the higher up they rose in the filter paper. That is very 
questionable, as drying does not depend on body alone, but also on 
specific gravity. The above methods are not adopted, and the finger- 
nail tests have the field to themselves. For one thing the filter paper 
test seems inherently wrong, as every painter knows that raw oil 
penetrates the pores of wood very well, but boiled oil applied to 
wood dries mostly on the surface. Why, therefore, should filter 
paper be more readily, penetrated by boiled oil than by raw oil ? 

Effect of Surroundtmjs and Saperincmihent Atmosphere on Drying 
of Boiled Oil. — Another defect lies in the surrounding conditions. 
The assertion that a boiled oil dries in so many hours, or that a boiled 
oil dries ’quicker than another, is not necessarily correct. Jf an oil 
dries in* 10 hours to-day, it may take 12 hours to-morrow, and next 
day 8 hours. In one situation A it may take 7 hours to dry, whilst 
the same day in situation B it may take 9 hours. Correct figures 
can'only be got by tests on many different days, and when the time 
■an oil takes to dry is given, great latitude has to be allowed. 

Two different boiled oils can only be correctly compared when they 
are both applied at the same time with one another (see ChevreuFs 
remarks). 

Normal Boiled Oil. — Weger used a standard boiled oil for com- 
parative testing. Such a normal boiled oil is prepared in a practical 
way with a knowr# weight of drier, using the newer driers, or a boiled 
oil must be selected, one which will not deposit any further, and 
which does not dry slowly. 

Manganese Rosinate. Standard Boiled Oils, — As drier, manganese 
rosinate is chosen as the best. It is dissolved in double or quadruple 
its weight of pure linseed oil at 150*^ C. (302° F.). The solution is 
eventually ^filtered, and then diluted to an Mn content of I’O per cent, 
and of this normal solution 10 per cent, is added to raw linseed oil. 
But this linseed oil must itself always be of normal quality, and this 
condition Weger regards as still more difficult. 

Lead Manganese Rosinate Boiled Oils. — In the following table is 
shown how the time' of drying of the same boiled oil varies at different 
times. It also shows that the temperature at which the oil is boiled 
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has no effect, and that with both soluble as well as with insoluble 
driers. All three boiled oils contained 0*18 per cent. Pb and 0*03 
Mn. A was pi-epared in the cold with lead man^^anese rosinate, B 
with the same drier, bleated lor 2 hours to 260^^ C. (500^' F.), and C 
with litharge, and hydrated peroxide of manganese heated for 2 hours 
at 220" C. (528° F.). The figures show time of drying in hours, and 
the three liorizontal figures, the comparative results of the tests. 

COMI’AUATJVE TESTS WITH (’OLD AND HOT PUEl’AUED MAN- 
(;ANESE ROSINATE DRIERS AND MANtiANESE I’EROXTDE 
P.OILED OILS. (WEC^ER.) 
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Besides these rosinato-boiled oils, two oxide-boiled oils wf^re pre- 
pared by heating linseed oil with hydrated peroxide of manganese. 
Drying tests gave : — 


DRYING TESTS MADE ON FiLMS OF LINSEED OIT. JiOILED WITH 
VARIOUS FROPORTIONS OF MANGANESE HYDROXIDE. (1»ER.) 
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The above results solve the second aspect of the case. With a 
certain Mn or Pb content the pace of the maximum drying capacity 
is reached. By further addition it remains constant. 

Chevreul makes the following statement in regard to the drying 
of paint : — “ There is this remarkable fact, that the resultant or 'sum 
of the activities, drying powers, of each of these substances entering 
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into the composition of paint, cannot be reckoned by the sum of the 
I activitieJ of each. Thus pure linseed oil, the activity drying power 
of which is represented by 1985, and oil treated by manganese with 
an activity of 4719 will, when mixed, possess^an activity of 30,828.” 

The following is a practical deduction from figures in following 
Table 

'TADLE SUOWFNC THE INCREASE IN WEIOHT ON DKYJNO OF OIL 
BOILED WITH l*EIi (^ENT. OF LEAD MAN(UNESE ROSINATE. 
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Driei;s not only hasten the drying process, but the metallic oxide 
driers formerly in so much use decreased the oxygen number of 
the boiled oil to a much lower figure than that of the raw oil, some- 
times by as much as 100 pei* cent. That is not now the case with 
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fTours. 

Fio. 101. 

rosinate and linoleate driers. The oxygen number of normal boiled 
oil li«s wdthin a range of 12 to 16, others have found higher figures. 
Weger found 17*5, though the greater number of his figures are under . 



894 


THE MANUFACTTJEB OF VARNISHES. 


16. A typical example of the course which present-day b^ile 
undergo during the process of drying, is that afforded by a linse^ 
prepared by Weger, by treating the oil by 3 per cent, of lead 
ganese rosinate “in the -cold”. 

The graph (p. 393) shows an S-shaped curve, whilst d 
drying volatile matter escaped. The ascending line is a 
straight. 

The following table by Lippert seems to show that during d 
the film of boiled oil remains constant for a long time before 
crease in weight sets in. It also shows that the thickness of thi 
may vary between 0*7 and 1*2 milligramme per sq. centimetre 
“out the result being affected. 

TABLE SHOWING STATIONARY POINT IN DP.YING, AND HOW 
FILMS MAY BE VARIED IN THICKNESS WITHOUT AFFEC 
RESULTS. (LIPPEKT.) 



I. 

Jl. 

III. 


Thickness of film Mg per sq. cm. . 

j 

0 08 

1-24 

1*07 


Oxygen number in 10 hours. 

. 1 13'!l 

13-8 

13-2 

1 

,, „ „ . 

. ' 13-5 

13-0 

13-0 

1 

„ „ 2 days . 

. ' 13-2 

12-7 

12-4 

1 

11 11 ^ 11 • • 

. i 12-6 

12-5 

12-0 

1 


. ' 12*1 

12-0 

— 

1 

>» 11 1 11 • • 

. ' IM 

11 -3 

— 

1 


. 10-8 

10-4 

— 

a 

!! !! '• 

0-9 

0*0 

— 


,1 „ 304 „ . . 

0-3 

1 frl 

1 — 




TEST OF COMPARATIVE RAPIDITY OP DRYING OF LiNSEEI 
(a) IN SUNLIGHT AND (6) IN SHADE. 


Oxygen absorption 


I 


i 



' luSliaih. 

In Sunhji 

] day 

1"2 

1-9 

2 days 


13-8 

3 „ 

7-3 ^ 

16-4 

4 „ 

11,- 1 

16-4 

6 1 , 

i 10-0 

15-4 

7 ,1 

1 10-9 

15-4 

8 „ 

]7'1 

— 

13 „ 

1 10-4 

12-4 


According to Cloez, when light is caused to pass through col 
glass the extent of the oxidation vcwies with the colour. The 
mum amount of oxidation takes place with colourless glass, bu^ 
blue, red, green, or yellow, a longer time is required the near 
colour approaches to yellow. 

Cloez was the first to point ou^ the great acceleration exer 
the drying of oils by sunlight. He passed light through dil 
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coloured and colourless glass and found in the l^itter case that oxiygen 
absorption occurred most quickly. Mulder confirmed the good effect 
of sunlight. In two of his experiments with Iftiseed oil his film was 
only 3 milligramme per sq. centimetre thick -^and yet his results at 
the present day are too low. 

Mulder overlooked, above all things, the maximum absorption and 
regarded the process as finished in 13 days. It is readily understood 
that more volatile matter escaped in the sun- 
light than in the shade, and as Weger remarks, 
it is the combined action of light and heat. 

Day, therefore, has the advantage over night, 
and summer over winter. Weger found that 
it was best to start the drying test in the early 
morning. A test, at that time, gave him the 
result that a film in sunlight took one-half to 
one-third less time to dry than in the shade. 

According to Genthe tlie great effect of light 
is established, and, in his opinion, the special 
uviol light hastens drying better than any 
' drier. The result of two tests with a boiled oil, 
obtained by dissolving 1 per cent, of lead oleate in linseed oil, 
is shown in curve A, in diffused light in B, in darkness not shown. 
The boiled oil took 15 days to dry in the dark, and 8 days in the 
light. * 

Hea? exercises a very decided infiuence on the character of dry- 
ing; oxidation takes place moi’e rapidly, whilst at the same time, 
the oil being more fluid, the oxidation is more thorough, the oxygen 
penetrating the oil better and deeper. 

Influence of Temperature on Time of Drying . — The assertion that 
drying is accelerated at a higher temperature is generally correct. 
Paint and varnish dry more rapidly in summer than in winter. 
Chevreul found linseed oil at 25° to 28° C. dried quicker than at 15° 
to 18° C. Mulder found in ai test with linseed oil it took 3 days to 
dry with the oxygen number 0*2. The same oil in a parallel test on 
tin plate, heated diflly to 80° C., dried in the same time, with the 
oxygen number 10’9. According to Livache a high temperature acts 
so energetically that so-called non-drying oils are converted into dry- 
ing oils (!). Olive oil treated with litharge and manganese borate, 
and exposed to the air in a thin film, dried in 7 to 30 hours. Weger 
gives t,Jie following information regarding acceleration of drying at 
increased t&mperatures : — Pure linseed oil which in winter, at the 
normal temperature, took 5 to 7 days to dry, dried in 3 to 4 days in 
summer in a dark-drying oven at 50° C. in 12 hours, at 95° C. 1 hour, 
and at 120° C. in 30 minutes. The drying of a hydrated peroxide of 
manganese-boiled oil at summer temperature was 14 hours ; at 95° C. ^ 
30 to 40 minutes, and at 120° C. 15 to 20 minutes. A litharge-boiled 
oil dries in 9 hours ; at 120° C. in 20 minutes. A normal lead man- 
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ganes*e rosinate-boiled oil dried in 10 hours ; at 95“ C. in 45 minutes, 
and at 120“ C. in 15 to 20 minutes. ^ 

Effect of Atmmphh'ic Moisture on Dry imj —Mulder made no 
experiments, but made^several remarks thereanent to the effect that 
atmospheric moisture must exert a great effect on the drying process. 
Weger did not regard this as completely proved. He placed glass 
slabs on ^\hich the same boiled oil was spread equally thick under 
two glass bell jars ; one of these contained a basin with water, the 
other a similar basin, but in neither case did they talje longer to dry 
— sometin)es the drying was accelerated. No rule can be formulated. 
Lead and lead manganese-boiled oils dried more rapidly in moist air. 
The manganese-boiled oil, however, took longer to dry than in the 
capacity of a drier. Lippert tested the point, and Weger’s statement 
was not altogether conlirmed. lie laid the plates at one time in the 
summer air, at other times in a dessicator in added air, from which, 
by repeated treatment with and L_.0-, every trace of moisture 

was removed. The oxygen numbers found wei’e collected in a table 
from which we can only give the general results. Manganese oxide, 
borate, and rosinate-boiled oils set quicker and dried quicker in the 
drying room, and the drying was accelerated »the more the greater 
the manganese content, maximum 0‘4. (renerally, drying in moist 
air was quicker the less the Mn content. The oxygen number rises 
in the drying oven up to 10, the poor in Mn (content is less than 0*05) 
boiled oil, in moist air, gives higher numbers than manganese-hoiled 
oils rich in manganese. With lead-boiled oil, however, tlie lead 
content of the boiled oil plays no pai't, and drying is affected but 
'slightly by moist air. Only in two cases did the oil dry more rapidly 
than in moist air, and Lippert declares Weger’s opinion incorrect. A 
tendency towards improved drying appears to occur with lead-boiled 
oil. The oxygen numbers varied from 11 to 16 and dried as well in 
dry as in moist air. The dry air-dried coating dried very bard, but 
after storing in moist air was very tacky. On taking the plates out 
of the dessicator a peculiar smell mad» itself felt—those in moist air 
smelled rancid, fn very moist air the coats ran into one another or 
collected together in the form of drops. 

Effect of the. Drier on the Time of Dryiiipj. — Mulder on this point 
waged a gieat warfare. He gave many formulai much too high, 
others far too low. Chevreul concluded that linseed oil should be 
boiled with 15 per cent, of metallic oxides, and Binks desired to dis- 
solve 2 to 5 pai’ts of lead linoleate in 1(X)0 parts of oil. Iijulder 
made no experiments on the point, hut his boiled linseed oil with 
2*6 PbO did not diy quicker whtfn he added a further quantity of 
litharge or red lead. From that he concluded that 3 per cent, of 
drier to linseed oil was quite sufficient. To solve these questions 
Weger made two series of tests, using as driers a fused Mn rosinate 
with 2-5 soluble Mn and 50 per cent, free rosin, also a leadsman, 
ganese rosinate with 810 soluble Pb and 35 per cent, free rosin.,' 
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The driers were dissolved at 150° C. in double their weight of linseed 
oil, and from this concentrated extract the right addition was made 
to a good old-tanked raw linseed oil. A kno\fn quantity of the sec- 
cative content can be given, as the result follojws the increased rosin 
content or the amount of deposit which occurs. 


TABLE SHOWING TIME IN HOURS TAKEN BY LINSEED OIL TO 
dry WHEN BOIIiED WITH DIFFERENT PROPORTIONS OF 
MANGANESE ROSINATE. (WEGER.) 


Drier, per cent. 


lJ-0 

8*33 

(’)-(i0 

4-75 ; 

3*33 

1-6 

Jlanganese, per cent. 

0*42 

0-28 

0-21 

()-17 

0T2 ' 

0*08 

0*04 

Hours, a . 

8-25 

8-25 

8-25 

8-5 

9 

1()-5 

About 12 

„ b . . . 

7 

7 

' 7 

7-25 

7*5 

8*25 

„ 10 

,, c . . 

7-r) 

7-5 

7*5 

7 '5 

7*5 

8-25 

30*5 

d , 

(>•25 

6*25 

(>•5 

8-75 

f)*75 

8-5 

, 9*5 

„ e . 


9 

9 

ll-S 

(} 

9*25 

9*25 

„ / • 

7 

(i-5 ] 

I i 

7 

7 ; 

f) 

7 


075 

s 1 

i 

t i 

(•.-75 

7 ’5 

7*5 

About 8*5 


TABLE SHOWING TIME IN HOCRS TAKEN BY LINSEED OIL TO 
DRY WHEN B(fl]jED WITH DIFFERENT PROPORTIONS OF 
M.\NGANESE LEAD ROSINATE. (WEGER.) 


Drier, p<;r cent. . 

irm 

4*75 

3*38 

2*5 

1*13 ' 

Manganese, per cent. . 

0*54 

0*39 

0*27 

0*18 

0*09 

Lead.^er cent, . 

o*n 

0*08 

O-Od 

0*03 

0*02 

Hours, a ... . 

2*75 

3 

3*5 

4 

— 

„ 6 . 

3 

2*75 

3*5 

4*25 

6'76 

,, c , 

3*25 

3*5 

4*5 

5*25 

9 

„ r/ , 

5 

5 

5*5 

0*5 

8 


4*5 

4*5 

5*75 i 

About 8 

Over 8 

,, . 

„./••** 

G . 

4*75 

() 

7*5 ! 

„ 0 

„ 10 

5*5 

7 

8*5 

10 

„ 10 

n V ’ ’ 

n h . 

' 5*5 

5*75 

() 

0*75 

M 10 

„ i . 

1 4*75 ' 

f>*5 

9 

Over 30 

„ 10 


When using rosinates it is useless to add to a linseed oil more 
than -5 or 0*5 per <ient. Pb + 01 per cent. Mn. The drying capacity 
of the oil will not be increased and a greater amount of foots will 
be deposited. Two further tables by Weger relating to fused 
manganous linoleate are not reproduced, as Weger himself does not 
regard the results as satisfactory. But he states that there is no 
use,, in utilising this drier, of having a greater manganese content 
in the boiled oil than 0-2 per cent. He regards 01 per cent, as a 
better maximum. The following table collates results of tests made 
by Lippert. Their Mn content is less than half Weger’s maximum. 
Lippert prepared his own drier by precipitating an alkaline solution 
of rosinate of soda by manganese acetate and dissolving the pre- 
cipifate in ether. For complete evaporation of the solvent a heat of 
100° C. was applied for an hour. The residue was a yellow powder 

/ 
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contstining 4 per cent. Mn. The solution in linseed oil was heated 
for a quarter of an hour at 150'’ C. (302^ F.). ^ 

ly 

THE EFFECT OF ALTERING THE PERCENTAGE OF DRIER AND ITS 
Mu CONTENT ON THE OXYGEN ARSORT^TION OF LINSEED OIL. 


Drier 

Per Ct*iit. 
5-2 

Per Cent. 1 
3*0 1 

}‘er Cent. 
!•(; 

Per (!eut. 
0*5 

Mn 

0*20 

0-15 ! 

0-00 

0*02 

Increase in weight after 12 hours 

0*5 

(i-6 ’ 

4-9 

2-1 

Bh ,. 

14-0 

14G ; 

If) -5 

16-0 

40 „ 

14-0 

14-4 

If)-? 


„ 5r> „ 

l^ecrea.'.e 

Decrease 

Decrease 

17*0 I 

„ „ ,, BO „ 

— 

— : 

— 

Decrease I 


Fi’om the above small content of drier it may be said the more 
drier used the quicker the drying, but the lower the oxygen absorp- 
tion. This assertion is not confirmed by J. Petroff, who tested three 
manganese rosinate-boiled oils with 0 130, 0T76, and 0*220 per cent. 
Mn, The time of drying was 10, 12, 14 hourf?. However, he used 
in his drying tests a thickness of film of 3 to 4 milligrammes per sq. 
centimetre. 

Stsenberg also obtained anomalous results due to the fact that 
he used the anomalous glas^-plate method. The drying took much 
longer than in actual practice. As typical of his results, those ob- 
tained with a manganese-boiled oil contained 0*2 per cent, of Mn, as 
precipitated manganese linoleate made by himself. 0*9555 gramme 
boiled oil gave in 1 to 13 davs the following oxygen absorptions : 
2*5, 11*8, 13*7, 13*9, 14*0, 14-5. 15*1, 15*5, 16*], 16*6, 16*7, 16*7, 
16*7. These figures are shown in the accompanying graph : — 
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The following are additional results : — <» 

Man^nese-boiled oil, made by dissolving manganese linoleate in 
linseed oil at 160° C., Mn content = O'lO to 0*95 per cent., dried 
quicker the less Mn it contained. OT per cent, was too low, but 0*05 
per cent. Mn took longer still. ^ 

Lead-boiled 0?'Z.— Prepared similarly to above. Pb content 0*25 
to 0'27 per cent., dried more quickly the more lead it contained. 
However, 0-27 was the maximum limit. A boiled oil w-ith 3*50 per 
cent. Pb took longer to dry. 

E. Tauber, 'as the result of practical tests, found that coats of 
paint in the open air, where excess of lead driers were used, were 
injured in hardness and durability. 

A photographic plate is blackened when near to drying 'boiled- 
oil (Schmidt). Paper steeped in boiled oil converts gum-arabic 
into an insoluble modification, as occurs with gum solutions, 
when exposed to sunlight for three months. The action, at a dis- 
tance, of boiled oil is*a sort of radiation ; Imt neither the electro- 
scope is affected nor the compass deviated. The permeability of 
bodies for radiation differs greatly ; colloid bodies are very permeable. 
On sheet-zinc and shpet-lead oxides and peroxides are observed ; with 
radio-activity no such things occur. However, it follows from a re- 
search by }3. T. Brooks that during the drying process peroxides are 
produced, that the cause of the above phenomena is explained. He 
placed 01 gramme benzoic peroxide, acetyl peroxide, etc., on moist 
filter paper, in a crystallising dish, and covered the latter with a 
photographic plate. In 20 to 45 minutes a clear print was to be 
seen. Similarly peroxides were obtained from rosin and copal, and 
were made evident like the above, but not from terpeiies ; only the 
rosin acids gave an active portion. 

E ffect of Age on ike Bapidity of Drying of Boiled OIL — In actual 
practice it is firmly believed that in this respect boiled oil improves 
the more the longer it is tanked. Weger does not confirm this 
opinion. He tested the tiiqe of drying of a large series of freshly 
boiled oils for a period of four weeks, and repeated the same tests after 
a year and a haif. The time occupied in drying was partly the 
same, partly increased, and partly decreased. Weger later made 
tests from the aspect that pure manganese-boiled oil, stored in open 
or closed tanl^s, remains constant in its drying capacity. Lead 
manganese-boiled oil remained constant under all circumstances, 
the slightly closed as well as the open, the slightly heated as 
well* as t^e cold prepared, the oxide-boiled oil as well as the 
rosinate-boiled oil. Similarly, the lead manganese-boiled oil dried 
as well as the lead-boiled oil. Lippert later disputed this, and 
found, moreover, that lead-boiled oils, stored with complete ex- 
clusion of air, did not deteriorate in drying capacity. 

Conversely, Weger often found that with manganese linoleate 
'and manganese borate the time of drying extended over 8 days for 
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complete hairdening, that, moreover, such a hoiled oil took over 12 
hours to dry in warm weather, and a week when quite^ cold, in 
moist or wet weather ; it dried well in 6 hours without separating 
any injurious residue. ^ 

PetrotT found that a fresh manganese rosinate-boiled oil that took 

10 to 161 hours to dry, after three years took 20 to 37. But it must 
be remembered that Petroff used films 3 milligrammes per sq. 
centimetre thick. 

Effect of the Nature of the Drier on the Bapidity of Dryinif . — 
Weger experimented in this direction. He asked himself the ques- 
tion : Will O'lO per cent, of Mn in boiled oil, in the form of rosinate 
or linoleate, respectively, behave similarly V Tests with boiled oils 
made accordingly spoke uniformly in favour of linoleates. A further 
series of tests with lead manganese rosinates and linoleates gave no 
decided difference. Genthe found with soluble driers that the lino- 
leate was 15 per cent, stronger than the rosinate. As the results of 
experiments, which the author regards as’ al)solutely unreliable, 
Thomas .A. Davidson asserted that rosinate driei’s were better than 
linoleate driers. Tauber got better results with manganese linoleate 
than with manganese borate. Iji))pert found th,at manganese-boiled 

011 often showed delay in setting. If alongside such a boiled oil a 
lead-boiled oil be applied it will dry mucb (]uicker. Steenberg con- 
firm(‘d the favourable working of two metals. With three rosinate- 
boiled oils which contained 0*25 per cent. Pb and ()'05 per c^mt. Mn, 
and ()‘28 per cent. Pb + 0‘05 Mn, the first dried in 13, the seCond in 
6, and the third in 2 days. 

Mulder, in virtue of his numerous researches, lielieved that, be- 
sides temperature and moisture, other unknown causes influence the 
drying. With identical weather conditions he obtained quite dif- 
ferent oxygen absorptions, which could not all lie ascribed to the 
moisture content of the air. He disputed the intervention of ozone 
in drying, and designated every unknown factor as peculiai’ atmos- 
pheric conditions. Weger writes in a similar strain. When one be- 
lieves drying to occur with all experimental conditions equal, also that 
the boiled oils are uniformly spread in equally t) ick layers several 
times repeated, and at the prescribed temperature, light and moisture, 
yet we are in no way assured that the same result will be obtained. 

Genthe found that the slightest impurity exerted ai? extraordinary 
effect on drying. He made two parallel tests with linseed oil , using the 
same pipette : the second experiment always took longer than the^ first. 
The explanation is that the atmospheric air was conveyed, back to it 
each time a pipette, cleaned with chromic acid and dried, was used. 

Driers : A, Detection of Solution Method. — To detect in a boiled 
oil the substances used as driers, Livache gives the following methods; 
A small quantity of the oil is poured into a test tube and shaken with 
dilute sulphuric acid. A white precipitate becoming black orf the 
addition of sulphuretted hydrogen indicates lead. If no precipita- 
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tion takes place, and if the sulphuric acid becomes green, blackening 
by the addition of sulphuretted hydrogen, the oil contains hopper 
compoujids. When sulphuric acid gives no precipitate, if the acid 
be neutralised by ammonia on adding ammontum sulphide, iron givea 
a black, manganese a flesh, and zinc a whi^e-coloured precipitate 
further, in the case of zinc, the acid solution gives a white precipitate- 
with ammonia, soluble in excess. If, instead of using ammonia, we 
neutralise with carbonate of soda, iron yields a green precipitate, 
blackening in the air, and the original solution becomes blue on the 
addition of yellow prussiate of potash; manganese gives a white 
precipitate blackening in the air. But here Livache takes it for 
granted that only single elementary substances are added to linseed 
oil at a time, quite a gratuitous and erroneous assumption on his part. 

B. Ignition Method . — The better plan, is, however, to burn the 
oil with the usual minute and scrupulously careful precautions ob- 
served in the ash determination of vegetable substances, and after 
weighing the residue on ignition to make a systematic qualitative 
and then a quantitative examination thereof. Zinc oxides and salts- 
are, however, liable to become reduced and then volatilise and escape 
recognition. The methods given in books for the determination of 
mineral substances in oils are quite unreliable, and none more so* 
than those of Benedikt, A systematic examination of the ash is. 
the only reliable method. Each individual mineral element present 
in the oil must be separated out and quantitatively determined. It 
is most unscientific to estimate lime in the analysis of the ash of 
oil in She same way as is done in the case of marble; we know 
beforehand that the marble is almost chemically pure carbonate of 
lime. As to the ash of an oil we know nothing whatever, and to 
proceed to its analysis with preconceived notions by groping in the 
dark shows very bad training on the part of the analyst, whoever 
he may be. 
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DURABILITY OP PAINT. 

Linoxin . — The skin left on the drying of boiled linseed oil cannot be 
described as linoxin without great latitude. It contains (1) a known 
weight of metal, and (2) with rosinate boiled oils a known weight of 
rosin. The role of the metal content is to rendei’ the coating harder, 
and thus resist the abrasive action of reagents, sand, and the weather ; 
elsewhere it has been pointed out how raw oil is added to boiled oil 
to render the coating more elastic. Eosin behaves so that a certain 
percentage has an injurious effect, and the di^ntegration of the paint 
later is accelerated. The boiled oil is nearly always mixed with in- 
organic pigments. Some of these are quite inert, e.g. barium sulphate ; 
some, however, are basic and act on the boiled oil, which, if only pre- 
sent in small quantity, is saponified; amongst these white lead as 
demonstrated by Mulder. That boiled oil probably reacts during 
drying with zinc sulphide, an ingredient of lithopone — a white paint 
which also contains barium sulphate — has been shown recently by 
Meister. Paints frequently contain turps, which has either been used 
in the liquid driers or as a thinner. Paints also contain a deal of 
thickening ingredients, paraffin wax, Japan wax ; above all things they 
*re ground in stand oil. Mactear proposed to use strontium hydrate 
.-and barium hydrate as alkaline earth thickeners. The desired pro- 
perties in a coat of paint are a certain amount of elasticity and a 
, .certain coherence, inert to gases and fluids. Owing to the variations 
in temperature it is apparent that the coated surface must necessarily 
lUndergo contraction and expansion. Fow the coefficient of expan- 
•sion of the under coat, the pigments and the linoxin, are quite differ- 
ent, and the difference must be. equalised by th. elasticity of the 
linoxin. Finally, the pigments as used to make paint are in the form 
of a fine powder; the linoxin must not only bring the necessary, 
coherence but must be of such proportional composition as to ade- 
quately provide an efficient protective expansive coating or layer 
throughout the whole. 

These properties, Mulder claimed, were fulfilled by linoxin. 

. Linoxin was born when it received the impulse given to it by the 
^ Dutch painters Hubert and Johan Van Eyck, who are so erroneously 
' credited with being the first to use linseed oil in painting. Water- 
colours dried duller in tone ; finally they dried so quickly that the 
layers did not flow together ; if it was desired to form a certain dMijcn 

(4*02) ^ ^ 



ihere was a lack of harmony in that design. Finally water-colours 
gave a non-transparent opague film, and upper correcting coats were , 
impossible. However, that was all changed when boiled oil appeared 
on the scene as a new ideal vehicle for painters' colours. It has a 
certain consistency which the solid oil coloK^rs do not increase. It ^ 
spreads well and dries so gently that further coats of paint can be ap- 
plied, but not all present-day experiments must therefore be regarded 
cum grano salo. Moreover, the nature of the pigment exerts an in- ■ 
fluence on the permeability of paint. Paints containing lamp-black and 
ochre, are, it is. asserted, generally permeable. Ked-lead paints and 
white-lead paints are said to be less so, and zinc oxide still less. But 
such opinions conflict too much with others. Ordinary lamp-black 
abounds in greasy tarry oils, and any test made therewith without 
calcination is invalid. Ordinary ochre paint grates under the palette 
from the presence of hard particles of grit, and sharp hard particles 
■ of barytes (some paints look as if the makers had been trying to make 
a composition for razo|j strops or emery paper). White sharp, hard 
particles should not shine out of paint like particles of mica from ' 
a micacious sandstone. Remove the tar, etc., from lamp-black by 
calcination. Put the yellow ochre through the 200 to 300 mesh sieve, 
now being used in th^ U.S.A., and try the permeability of the paint 
once more. But as Treumann had to acknowdedge, there is no reliable 
test for permeability, as the same paint gives different results when 
several tests are made simultaneously. But the best test is the im- 
permeable waterproof garments, in which oxide boiled linseed oil is 
the sofe ingredient, and the impermeable airproof and waterproof 
herring-net buoys. The makers of these have to give linseed oil a 
_ fair field. They only deviate from linseed oil to their cost and 
their sorrow. If thoroughly dried linseed oil were’ as pervious as 
clumsy experimenters with no experience of the oil -waterproof gar- 
ment industry, and who ignore the waterproof nature of real good 
genuine putty, would have us believe, then the linseed oil- waterproof 
garment industry would have been still-born or stifled at birth. 

Microscopic Faults of Fahi Films— li has been pointed out that 
when a working painter gives several coats of paint to a glass plate, 
faults can still be ^en under the microscope, and when a coat appears 
quite thick it becomes tlfln in the course of time, and then under the 
influence of variations of temperature and unequal expansion, micro- 
scopic hair cradks are to be seen. 

The Supposed Permeability of Paint Films to Water. — C. P. 

^ Dudley concluded that the dried oil-skin was permeable to water. He 
-dissolved 30 grammes of dextrin in a mixture of 40 c.c. water and 
c.c. alcohol, and spotted some of the above solution over several ; 
cm., of a glass plate, dried it at 65“ C., and then coated the plate re^* 

' peatedly with boiled oil, then the plate was placed in water for 12 
nourL The dextrin was uniformly flaky, a proof to the author that 
:';tbe<^ter had got at it. But Dudley begs the question that boiled 
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linseed oil dries satisfactorily on a coat of dextrin. When pigment® 
were' mixed with the oil, the permeability decreased (Quite so ; 
the contact of the oil with the unstable dextrin was diminished); 
not so quickly that th6 new coat combined with the old one. Com- 
pletely dry films can be wet with oil and new films formed. The 
paint coat is so elastic that the expansion and contraction of the 
undercoat follow as a necessary sequence. The films of paint are 
transpai’ent, so that any single pigment in all its beauty and apparent 
harmony can come into play. Oil paints bring a new vivacity, and 
Mulder regarded linoxin as completely unattackable. He prepared 
paints so that boiled linseed oil (made with 2 to 3 per cent. PbO) was 
mixed with 5 per cent, of finely pulverised red-lead, and with 40 to 200 
of an indifferent powder, sand, pipe clay, clay, ironstone, ground 
pumice, etc. First he coated an iron plate on one side, and exposed 
it for a month to wind, water, rain, and sunshine. The uncoated side 
was covered with a thick layer of rust. On the coated side the coat 
adhered firmly and little rust could be observed. Mulder’s claims as. 
regards linoxin are not accepted by interested parties as demonstrated, 
and to-day other opinions are to some extent held. Treumann doe® 
not regard oil-skin as impervious, and holds Mulder responsible for 
the belief that it is impervious. During the drying of the under-surface 
of the coat of paint, it is softened by the vapour of water and carbonic 
acid, so that the coat of paint must be permeable to both carbonic acid 
and water. It is evident that the volatile products generated in the 
first stage of drying escape as gas, and the resulting pores arfi widened 
in the second stage. If these pores be only small they go do^n right 
through the paint to the surface of the object on which the paint rests 
underneath. 

Treumann spread boiled oil and paints on glass, metal, or 
porcelain and left them to dry, then he placed the plates under water 
at the ordinary temperature. Sooner or later cracks or blisters were 
formed. The skin did not decay, but its adherence to the surface 
underneath was partially broken up. But in actual practice, except 
with anti-fouling compositions, paint in not generally exposed under 
water. Therefore, in Treumann’s researches conditions are brought 
into play which do not prevail in actual practiCB. A pair of boots 
kept in a tank of water for a year would then be a very sorry pair of 
boots indeed. But does that detract from the value of leather in 
many of the 1001 uses to which it is put? No! Neither does the 
damage done to a dried linseed oil film by soaking it in water detract 
from its general use. It is curious that no attempt has been apparently * 
made to test the behaviour towards water of a baked film of linseed 
oil, and it is forgotten that good putty is impervious, as hundreds of 
millions of windows testify. Nearly all experiments in which linseed 
oil turns out badly would, if traced to their source, be found to be 
dictated by those who want to market a linseed oil substitute, pr 
some pet composition, and who wish to prove that linseed dil ha® 
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all the defects of their own products and none of their ^ good 
qualities. , 

It is asserted that when the least quantity ofired lead is mixed with 
the least possible quantity of linseed oil, a completely water-tight 
coating results. When the latter forms no protection against rust 
that must be attributable to other causes. W. Thomson believes that 
during the inter-working between the iron and the metal in the 
boiled oil a slight galvanic current ensues. E. Fauber also thinks 
that weak galvanic currents are the key to the formation of cracks in 
paint. The permeability of paint to water is attributed to the hygro- 
scopic nature of linoxin. Treumann placed a completely oxidised 
air-dried and clean oil film on a watch glass, and the latter with a 
vessel partly filled with water under a bell jar. The increase in 
weight of the films in 4 to 8 days was 7 to 15 per cent, and the water 
absorbed was ceded on exposure to the air. These figures are very 
high, Mulder’s and Weger’s were much less. When Mulder heated 
dried linseed oil, or dried boiled oil to 80'’ C. (194'’ F.), the linoxin lost 
4 per cent, in weight. The plate left again in the air only gained 
1‘2 per cent. Mulder believed that the linoxin contained the condensed 
vapour. 

Linoxin . — Weger placed well-dried oil-skins in a dessicator con- 
taining neither water nor H^SO^. He found a difference up to 2’4 
per cent., but such differences in the moisture in the air do not 
occur in actual practice, and the effect of the moisture variation lies 
under Ij per cent. Doubtless, therefore, the assertion of W. Jones 
that a boiled oil dry film absorbs water like a sponge is incorrect. 

The very excellent qualities of linoxin are not everlasting. Like 
all organic substances it goes under later on. Light soon acts on it. 
Mulder found a brown coloration of the inner half within a month. 
Under the action of direct sunlight the brown coloration is changed 
and the coloured portion of the oil affected. Above all it is the oxygen 
of the air which first dries the oil but does not, however, leave the 
dried film unaltered. 

Action of Sunlight on Oit-paint Films . — Toch found that paint 
altered much under, the action of light. White pigments turn yellow 
under the action of the Pb and Mn present in the boiled oil, the zan- 
thophyll of the linseed oil is reduced to chlorophyll. In bright sun- 
light white colours are formed. According to Lippert a boiled oil 
dried in darkness becomes red-brown, in direct light the bleaching is 
further accentuated. 

Nfiw let us point out the number of tests which should be made. 
For the sak'e of argument, let it b^ accepted that only thirty pigments 
have passed the dry test, and every one of these thirty colours is to 
be ground in the five oils aforesaid, in three different proportions of 
oil and pigment, the mixed colours put on glass plates, and for each 
tKeremust be five plates for the different experiments. The mixing of 
the oils with other mediums could.be very different, quantitative as 



' THB MATOFA<5rrXJl|E OP VABNISHES. 

well B^s qualitative, and there would be no limit to the number of tests 
therefore, we will limit ourselves to five different liquids, and we fipd 
that we have four thousand five hundred tests. 

This does not exhaust the subject by any means, because the 
colours could be mix /d two or three together, and also tested ; 
but I shall not undertake to recount the possible number, because it 
might strike terror into the hearts of my readers, and they would 
doubt the possibility of such an undertaking. Although the solution 
of the problem in the foregoing is very complicated and time-robbing, 
it could be solved nevertheless if a special laboratory were provided 
for the purpose. 

The prepared pigment colours would be compared, and then 
weighed. Comparison by observation would have to be made often 
in the beginning, to note the time of changes in each sample and the 
apparent cause thereof. Only after several years, however, would it 
be possible to form definite conclusions and adopt rules governing the 
use of oil colours. This would be a costly experiment, but one that 
appears promising. 

More simple, perhaps, would be a direct use of the samples pre- 
pared. Apparently it would be enough to make about thirty painted 
panels and expose them. In a few years the^ could be compared, 
but this would be a waste of time, because it would be impossible to 
tell which part of the oil colour has had the most influence in chang- 
ing the tone of the same. 

1 1. The permanency under exposure to light of pigments in 

powdered form is in many cases perfectly satisfactoty ; in others it 
depends on the mode of preparation. Several grades of quicksilver 
vermilion are entirely unfit for the use of the decorator, because they 
. assume a brownish tone very soon after exposure to sunlight. The 
so-called mountain cinnabar is the only durable pigment of that 
character. A few samples of cadmium yellow, deep and orange, from 
reliable firms, turned after a time from their original tone to that of 
pale ochre. 

2. The colours described in the foregoing paragraph, when ground 
in oil, resisted the action of light slightly longer, but the result was 
comparatively the same. In these pigments, when ground in oil, 
there are certain optical changes, brought about by the action of the 
pigment and oil upon one another. When balsams or resins are 
added to these oil colours, the changes are delayed much longer, 
because the colours are protected from the action of light and air more 
, effectually.^ 

^ Example . — Cadmium yellow containing a sulphur content is an unsatisfactoiy 
pigment by reason of the fact that it cedes sulphur to oil owing to such sulphur 
being, so to speak, loosely combined in the cadmium salt. Presence of sulphur 
in a simple linseed oil film (linozin) causes its < speedy disintegration. 
addition of select balsams and resins to such oil mixture (paint) will Inngt&dn^he 
^periodior disintegration.— 0. Harrison. ' 
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3. The contraction of one and the same colour, ground in diferent 
oils, proT[ed of different character; also the contraction of different 
colours in the same oil. The larger the quantity of oil used the 
greater is the contraction in drying, but it must not be concluded that 
colours which require more oil than others also show a greater con- 
traction. The great decrease in weight and in volume, which is very 
much varied in the different colours, points to a greater or lesser 
energy in the chemical processes which occur in the colours. So, for 
instance, the volume of barytes ground in poppy-seed oil in two years 
decreases less than 3 per cent., while that of pure white lead, ground 
in poppy-seed oil,' decreases 18 per cent, in the same time, showing the 
great chemical action and affinity between white lead and oil. 

4. The optical character of the colours is also dependent on the oil ; 
each of the five oils enumerated is best adapted for certain pigments, 
but a conclusive rule on this point needs the expenditure of much 
time and the making of manifold experiments. 

5. The colours of the future should have their exact composition 
on the label ; such colours could be used in painting as well as for 
experimental trials. The colours as bought contain variable quantities 
of oil and other admixtures, and are not useful or safe for forming 
conclusions. 

6. Siccatives or driers hasten the chemical process in colours, but 
decrease the durability; the use of these is often necessary, but 
♦••hey should be employed with skill. 

7. 5n painting on canvas it is of great benefit to give the thin 
groundwork a good drying in sunlight, but a finished painting should 
lot be exposed ; the chemical processes should be retarded by adding 
lalsams or solutions of resins, and the back of the canvas coated with 
I good varmsh. 

8. The addition of resins and volatile oils is, on the whole, admis- 
lible and well founded, but it should be determined by previous tests 
hat the colour does not become brittle by such addition, and that, on 
account of the rapid evaporation of the ethereal oils, the cohesion of 
he particles of colour is not decreased. 

9. The numbe^ of colours used in painting should not be too 
imited, because in sucbj case the demand of the present time could 
lot be satisfied. But the number should not be unnecessarily in- 
ireased, because in such a case there would be too many new and 
inknown chemical properties whose characters would not be under- 
tood. The opinion that it is possible to get along with seven colours, 
)eoa’U8e all the colours of nature are composed of seven tones, is 
erroneous. The blending of the, natural strata and the creation o:^ 
he tones by mixing of material particles follow different laws. 

Decay of Paint . — The natural oils capable of drying to a solid 
elastic insoluble film do not do so at all rapidly and occupy several 
£bys*in drying, during which the paint still remains tacky and records 
he impression of the finger or thumb however lightly applied. More- 
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over, the soft paint is during all this time fixing all the passing dust on 
to its surface. As a matter of fact, painting in oils was iippossible 
until certain substances were discovered, which when added to the 
drying oil increase the drying of the paint. In distemper painting (with 
glue albumen and caseirl^ and the like) the coat of paint only dries^ after 
all the water is evaporated. 

In inside coatings, while paint nearly always turns yellow, which 
in some cases is remedied by a little ultramarine, but such quick pro- 
cess patent white-lead paints as contain lead peroxide are altogether 
too dirty in shade to be toned down by any addition. 

Action of Internal Organic Peroxides on Oil- 2 ^aini Films. — Fahrion 
believes that when linoxin is present in a hidden form it still contains 
active oxygen, and that it is from that active oxygen that the decay 
proceeds. The peroxide group acts spontaneously when, not long 
after it is fixed by the ketoxy group, the hydroxyl group so formed 
splits off water, diminishing the volume and thus forming cracks. 
This hastens the ultimate decay of the coat, ands it is claimed, leads, as 
Eeid has shown, to the formation of water-soluble bodies by further 
oxidation. But of all that we have not one particle of positive proof, 
and much which flatly contradicts it in every way it is possible to 
conceive. 

Peltenhorfer' s Method of Bestoring Old Oil Paintings. — A short 
notice may be given here of Pettenkorfer’s method of restoring old 
paintings — oil paintings that have become stained. It consists in ex- 
posing them for a longer or shorter time to the vapour of alcohol. 

Effect of Pigments on Linseed Oil. — The constants,’including yield 
of ash, of raw linseed oil mixed with white lead in paste form showed 
no material change in 25 months. Storage in partially filled con- 
tainers for a year of raw linseed oil mixed with white lead and with 
white zinc in the proportions of paint ready for use, and exposure to 
air of films of such mixtures, resulted in sufficient combination of oil 
and pigment to cause the extracted oils to yield amounts of ash that 
were much larger than those obtained from the oils used to prepare 
the mixtures. Exposure to air of films of these pigments mixed with 
boiled linseed oil also caused appreciable combination of oil and pig- 
ment. When white lead and white zinc were mixed with linseed oil 
fatty acids considerable combination of pigment and fatty acids oc- 
curred. The amount of fatty anhydride combined as^ zinc soap was 
nearly four times as great as that combined as lead soap, the calcula- 
tions being based on the amounts of ash yielded by the ether extracts 
of the pigment — fatty acid mixtures and the ratios of the combined 
weights of zinc oxide and lead mqnoxide. The results as a whole 
indicate that white zinc combines with the free fatty acids of linseed 
oil more readily than does white lead. Of the three pigments, white 
lead, white zinc, and china clay, the former showed the greatest ac- 
celerative effect on the oxidation of raw linseed oil in films composed 
of pigment and oil, while china clay had the least accelerative effect. 
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When a mixture of raw linseed oil and china clay was kept in a ^arti- 
-ally filled container for one year, the constants of the oil were materially 
ohanged, while raw linseed oil with chrome .yellow and with zinc 
yellow under the same conditions showed practically no change. In 
drying films, however, the accelerative effects »l!tf the two yellow pig- 
ments on the oxidation to the oil were much greater than that of china 
olay. — U.S. Bureau of Standards Technologic Paper No. 71. 

The permanency of pigments ground in varnish is discussed in 
,Vol. Ill, pp. 437-9, also the reaction of solutions of resins on colour- 
ing principles es?pecially from coal-tar. 

Here we look at another aspect of the question. 

Testing the Permanency of Dry Pigments Under the Action of 
Light and the Duralnlity of the Paint Formed by such Pigments as 
have Stood the Test . — Pigments ground in oil are known as oil paints 
or simply paint. They are thinned with hydrocarl)on oils, e.g. turps, 
•or other volatile solvents, e.g. white spirit or turpentine substitute, so 
that they can be spread lOUt into a more or less thin film with a brush. 
But the paint must not be thinned down so far for its binding vehicle 
to be attenuated too far. This film, soft at first, gradually hardens, and 
in the course of time loses, as it ages, its original toughness and elasticity. 
Then is the time when cracks begin to appear on fixed painted surfaces, 
but on a painting on canvas i-olled up for convenient handling when moved 
from one spot to another, cracks appear on the painted canvas a few 
months after the painting is finished. The tint or tone of oil pigments 
or pain+e changes rapidly. Changes in like pigments due to bad wash- 
ing must not be ascribed to the pigment itself. The trained eye ac- 
customed to assess variations in tint will readily notice such a change 
in a few weeks, and within a year the change is very readily perceptible, 
however well prepared and permanent the pigments used may be per 
se. As a whole, colours ground in oil are not permanent, and the 
painter must rest satisfied if after a reasonable lapse of time the 
change in tone has been only a slight one. 

Paint Changes and Hardens from Two Different Causes : (1) 
The Oxidising Actioii of the Atmosphere and (2) The Mutual Action 
of the Pigment and^ Oil — The first and chief cause is well known, the 
second cause is undoubted. Some pigments retard drying of oil, 
others hasten it. But as the hardening of each of the various paints 
differs in itself, ^the cause of the difference must be sought for in the 
chemical action between pigment and oil. The weighing of glass 
slabs, covered with films of different paints, has proved that in such 
paints there are changes in weight on drying and to very different 
extents. 

Testing the specific gravity and specific volume of these glass slabs 
by ‘weighing the slabs in air and under water there is a loss in volume 
although varying widely with different paints. These tests show that 
in drying out the film of paint loses its original elasticity, which loss 
is increased as the volume decreases, and therefore there must be a 
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tearing^ apart which ultimately shows itself in cracks. It must not be 
supposed that the percentage of loss is very large, and it requires the 
most sensitive scales and years of labour to find a loss of one-fifth of 
1 per cent, in some paints, whilst in others the loss was as high. 

It may take 20 year:^’ observation to find the exact time when the 
hardening process in a paint ceases. Molecular changes are also 
possible which do not alter the volume but influence the elasticity 
and so bring about scaling or cracking and “ chalking The mutual 
action of pigment and oil is most perceptible in the oil, yet the pig- 
ment also changes, and although it may not alter its chemical char- 
acter yet the colour tone varies from the original. 

The tone of colour is subject to alteration whenever a molecular 
change can take place; such changes of tone are most feared by 
painters. All coloured paints in their physical and chemical nature 
are materials which in time destroy themselves, and the only method 
to obtain the longest possible durability is to arrest this physical 
chemical process by suitable additions in thinning. Such apparent 
defects in paints might induce the painter to seek a remedy in other 
vehicles or media. All experiments in that direction deserve the 
special appreciation of artists. But. oil paints possess such merita 
and optical properties that of necessity painters are as yet and will be 
for some time to come compelled to use oil, linseed oil more especially, 
and to add other materials to assist in drying (driers) and in spreading- 
.thinness. While oil cannot be done without as a medium and binder 
it is necessary to look for other materials to assist in giving oila 
greater stability. The changes which take place in paints are a special 
case of very complicated phenomena, whose explanation lies in the 
thorough study of the composition of oils and pigments and their 
mutual action on each other. But oil, let it be well understood, is not 
a body of definite chemical composition, and here is the stumbling- 
block in experimenting with paints and oil painting. There is another 
remedy, namely, to critically examine the materials which have sa 
often proved themselves to be good. To make error impossible there 
should be a uniform method adopted for fiiese tests. The colour most 
adapted for the purposes of the painter should be obtained in the dry 
state in powdered form and exposed in thin layerk to moist strong- 
light in dry and moist atmosphere, and the results closely observed 
, and registered. To hasten the trials the powdered pigments should 
be exposed to sunlight and to such gases as are present in rooms.' 
Those pigments which have shown themselves light-proof and re- 
* sistent to gases should be separated from the others, ground up ih oil, 
and then tested in the same way, and also painted out to find whether 
R after drying cracks are perceptible with the aid of a magnifying glass. 
'•The paints so obtained should also be tested by adding boiled oil, 
solutions of resins, balsams, essential oils, etc., and observations made 
j'ate to elasticity. In oil painting three drying oils are principally re- 
joognised 
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1. Linseed oil. 

2. Wfeblnut oil. 

3. Poppy-seed oil. 




But two more should be tested : 

4. Sunflower-seed oil. 

5. Hemp-seed oil. 

The first, sunflower, has the property of excellent trans^renoy. 
The latter, hemp-seed, is valued in Russia on 

developed resisting power to sunlight and atmo^heno in . 

CommLial hemp-seed has a greenish colour, but when expressed cold, 
it is very light, and if filtered through charcoal is then colourless. 
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DRYING OILS OTHER THAN LINSEED OIL. 

1. AcacAa Oil {White ). — This oil is described, in its proper place, 
•as Robinia or Locust-tree oil, a gigantic tree. It is not derived from 
an acacia.^ 

Arcfemone Oil, from Argemone mcxicana, of a j^ellow colour, inclined 
to orange, is specifically lighter than poppy-seed oil. It does not dry so 
well as the latter. Its diminished density would appear to be due to 
the fact that it contains volatile fatty acids, acetic, butyric, and valeric, 
hut Crossley and Lc Seur failed to identify these in two genuine 
samples. This little-used oil is purgative in doses of 15 to 30 drops. 
Its taste is hiting and its smell nauseous. These samples had the 
respective acid numbers of 6*0 and 83*9. The last sample therefore 
was completely soluble in absolute alcohol at 60° F. The seeds of 
Argemone mexicana, called fico del inferno by the Spaniards, are 
said to be narcotic, especially if smoked with tobacco, and purgative. 
They are used in the West Indies as a substitute for ipec&cuanha, 
and the juice is considered by the native doctors of IndiS. as a 
valuable remedy in ophthalmia, dropped into the eye and over the 
tarsus, also as a good application in cancers. It is purgative and 
diobstruent. The Brazilians administer the juice of this plant to 
persons or animals bitten by snakes, but, it would appear, without 
much success. 

Castor Oil , — This oil has been so frequently described in the 
different treatises issued by the publishers of this volume that the 
author refrains from adding another de'»cription to the number, the 
more so as it has nothing in common with drying oils, and the wider 
the berth the paint-grinder and varnish-maker gives; t the better. The 
■oil is adequately described in Hurst’s “ Soaps,” Hurst’s “ Lubricating 
Oils,” “Textile Soaps and Oils,” Andes’ “Vegetable Oils,” And6s’ 
“ Drying Oils, Boiled Oil, and Solid and Liquid Driers The action 
of nitrous acid and nitric acid are somewhat interesting and thus 
deserving of mention, the more so as they are included iq the 
stereotyped descriptions of castor oil. . . 

^ Acacia Oil {Yellow ).— oil is not described here as it has no locus standi 
«iii9ither as an acacia oil or a drying oil; it is only a semi-drying oil, and is only 
mentioned here to point out that neither is it derived from any acacia ; moreover, 
further than that the two plants Robina and Garagna belong to the Legumenosq^ 
they have nothing else in common. The so-called yellow acacia is derived ®Erom 
a shrub whose specific name is Garagna.. 

(412) 
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Action of Nitrous Acid on Castor Oil . — Boudet termed this palmine, 
but it is more generally known as recinelaidin. When nitrous acid 
(or nitrite of mercury, as stated under the head olive oil) is made to 
act upon castor oil, it is converted into a solid wax-like substance ; 
but this change is much less rapid than that which ensues when olive 
oil is similarly treated ; and it deserves notice that castor oil is the 
only one of the non-dryimj oils which is susceptible of this species of 
solidification. 

On adding nitrous acid to castor oil a yellow liquid is at first. 



A B 



C 

^ Pig. 104. — Castor-seeds. 
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formed, and the time required for its solidification varies with the 
quantity of acid employed ; when about part of acid is used, it 
solidifies in 7 or 8 hours, and this, or somewhat less, is the best pro- 
portion. If too much acid be used, a third part, for instance, or a half, 
the tempemture rises to 130° or 140° F., effervescence ensues, and the 
oil becomes opaque, and instead of indurating, remains viscid. 

Eecinelaidin thus obtained is yellow, but when purified by solution isrs 
in boiling alcohol, it is white, of a waxy fracture, and requires a tem- 
perature of about 150° F. for its fusion. When kept for some months, 
it occasionally acquires a resinous appearance, and presents an almost 
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vitreou8 fracture. It has- a peculiar odour, appearing to arise from 
the jiresence of a volatile oil, and when distilled with water, the dis- 
tillate has an aromatic odour, but no trace of an essential oil passes 
over. At the temperature of 96° F. alcohol dissolves about half its 
weight of recinelaidin or palmine ; it is much more soluble in boiling 
alcohol, which, on cooling, deposits it in small opaline, but not 
crystalline grains. It is very soluble in ether : indeed, when in 
fusion, ether dissolves it in all proportions. 

When recinelaidin is heated in a glass retort, it appears to boil, 
disengages gases and aqueous vapour, and a peculiar volatile oil passes 
over, after which the residue suddenly swells up into the neck of the 
retort, forming a porous resinoid matter resembling that produced 
during the distillation of castor oil. The volatile oil amounts to about 
half the weight of the palmine, and when redistilled with water, 
yields about a third part of an odorous volatile oil, and leaves a more 
fixed oil which is very acid' soluble in alcohol and in weak solution of 
potassa, and remains fluid at 32° F. When this acid oil is triturated 
with a tenth of its weight of calcined magnesia, the mixture heats and 
thickens, and ultimately forms a brittle transparent compound, easily 
soluble in alcohol. 

When recinelaidin is boiled in a concentrated solution of potassa, 
it exhales the characteristic odour of its peculiar volatile oil, and is 
easily saponified, though less rapidly than castor oil ; glycerine is 
separated and a saponaceous compound formed, soluble in alcohol 
and in water. This soap is entirely separable from its aqueous solu- 
tion by the addition of common salt. When its solution is decom- ■ 
posed at a boiling heat by hj^drochloric acid, a peculiar fatty acid 
•separates, which concretes into a crystalline mass on cooling : this is 
recinelaidic acid. 

Eecinelaidic acid forms stellated groups of acicular crystals, fusible 
at about 120° F. and very soluble in alcohol and in ether ; it reddens 
litmus, and expels carbonic acid from the carbonates. When heated 
a part of it volatilises without decomposition ; a portion of empyreu- 
matic oil is also formed, and carbon remains. The greater number of 
the recinelaidates are soluble in alcohol ; recinelaidate of silver is in- 
soluble in water. 

Cedar-nut Oil. Siberian Pine Oil. — This oil is derived from the ‘ 
Finns Cemhra ^ (Finns Siherica). The proper name of this oil 
should therefore be Siberian Pine Oil. The pine tree which yields it 
has little or no claim to being classed as a cedar, and it is classified 
by Kew as a European pine. The seed of the done, the so-called 

^ A writer in the “ Kew Bulletin ” telle us that although P. Cemhra was intro- 
duped to the British Isles in 1746 really fine examples are uncommon, very few. 
specimens being on record which have attained a height oi 70 feet or more. /liT 
E. Bussia and Siberia it grows 120 to 180 feet high with a clear trunk of 60 tp fippli 
feet. But in Scotland the nurserymen of that country flatly oontradicti Kiw , 
and fitronfflv reRnmmfind tliA trAA. 
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jniit, yields an oil .which is said to be mannfacttired on a larg( 
sea^e in Siberia. The tree is common on the Swiss Alps wherte it ii 
usually iiset with at altitudes of 5000 to 7000 feet, and in varioui 
parte of Switzerland it is grown up to 8000 feet for protection pur 
poses, where cold and exposure are too severe for Scots pine. Ii 
both Siberia \)nd Switzerland the seeds are use^ for food. 

TABLE SHO\ TNG THE CHEMICAL AND PHYSICAL CONSTANTS 0] 
‘ ^ CEDAll-NUT OIL. 


Density at 0° F 

0-930 L. V. Schmorlling. 

Solidificati' '-point . 

- 20° C. Krylos. 

Acid num 3 r 

1-09 

Schmorlling 3-25 Krylos. 

Eeichart „ 

2-0 

„ 3-77 „ 

Iodine 

169-2 

n U9-5 

Hehner : 

91-97 

93-3 „ 

Saponificatioti’ number 

Increase of temperate with HoSOj 

191-8 

M 191-8 

(Maumen6) 

98° C. 


*PREE FATTY ACIDS. 


Meanmoleci' r weight 


. 280 to 290 (a) 

Solidification- mt . 


. 11-3 

Acid number^f • . . . . 


. 193-1 

Acetyl , .... 


81 -9 in 6 days. 

Iodine 


. 161-3 

Iodine ,, of t e fluid fatty acids 


. 184-0 

Fluid fatty acids {Mulder] . 


. 87-0 

\ .asaponifiable 

G^cerine 


1-3 


. 10-1 


Candle-nut oil is derived from a species of Euphorbia which re- 
joices in three scientific synonyms : — 

* 1. Aleurites tnhha, Hemsley (“ Kew Bulletin,” 1906, No. 4, p. 121). 

2. Aleurites Moluocana, Wild, to wl/ich has to be added, 

3. Aleurites amhinux. ■ 

In familiar language it is spoken of as — 

(a) The Indian or Belgaum walnut tree. 

(h) Candle-nut tree. 

. In the French language it is known as Le Baucoulier. 

In native Indi^ language the tree is termed the Jangli akerot ; 
Jaiphal, etc. 

Synonyms of the oil : — 

English — Candle-nut oil. 

Kekune oil. 

French— Huile de noix de Bankoul. 

German — 1. •Lumbang 01. 

,, 2. Kukui „ 

„ 3. Bankul „ 

„ 4. Litnuss „ 

„ 5. Lackbaum „ 
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Further than that this tree belongs to the EuphorbiacecB or 
Spurge ivorts, the special literature gives little information as to its 
habits and mode of growth. It appears as if it only* attains a 
medium height in the Moluccas, the country of its origin ; in New 
Caledonia it seems to thrive much better, attaining as a matter of fact 
a considerable development, reaching a height of 60 feet by a circum- 
ference at the base of 5 feet. Its growth is rapid, and it begins to 
bear fruit at the end of four years. The fruit is a fleshy drupe, generally 
formed from a single incompletely developed cell. The seed is en- 
closed in a hard shell, encrusted with a calcareous efflorescence when 
it falls to earth. It burns very regularly and gives off great heat 
and a very thick black smoke. The kernels are sometimes strung on 
thin bamboos and burned as natural candles, hence the name “ candle- 
nut tree”. The nut weighs about 10 grammes. The oil extracted 
from its kernels usually weighs between 6 and 7 grammes, and a tree 
may bear about 2000 nuts or 20,000 grammes, and as 1000 grammes 
equals 1 kilogramme, we get 20 kilogrammes or 44 lb. of nuts as the 
produce of one tree. 

Extraction of Candk’nut Oil, — Field-Captain Champion de,- 
scribes the preparation of candle-nut oil in Ceylon. He says it was in 
1843 exported from Ceylon as kekmedic. The, nuts are said to con- 
tain 50 per cent, or more of a sweet edible oil (Dymock, “ Mat. Med. 
West India,” 617). It is highly valued as an illuminaiit and said to 
be largely exported from Polynesia, and used in the candle trade of 
Europe. The most primitive process consists in exposing the nuts to 
the sun for some hours. The kernel loses its water, then becomes 
easily detached from the shell in a single mass, and at the first stroke 
of the hammer. The ground kernels are placed in small heaps on 
an inclined metallic plate, the whole is exposed to the sun, the oil 
exudes slowly, losing any water which it may still retain, and flows 
through the grooves of the plate into a collecting vessel. It is then 
filtered. The yield by this semi-barbarous process is poor, barely ex- 
ceeding 6 per cent. By cold pressure the amount may be raised to 
29 per cent., and by hot pressure it ms.y reach 34 per cent. If the 
oilcakes be again treated the yield may be 66 per cent. The ex- 
planatory figures state that — 

II 

100 kilos of nuts produce on an average 33 kilos of kernels. 

100 kilos of kernels produce 66 kilos of oil. 

100 kilos of nuts then give 22 kilos of oil. 

1000 kilos of nuts, or 1 ton, costs in Tahiti 
£6 and for freight 
£3 48. , 

£9 4s. in all. 

But it is stated, on the other hand, that the kernels are sold at 
£16 per ton, and 1000 kilos of kernels, or 1 ton, yield 660 kilostof ml 
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or .18 cwt., and if 18 cwt. of oil costs £16, 1 ton of oil will cost £24, or 
24s. a cwt., excluding the cost of crushing. 

^ The clindle-nut tree nowhere occurs plentifully, except in Malasia, • 
even if it be practically distributed throughout all India and Burma. 

It is said to be wild in the Wynaad as it is ali^ndant there, but it is 
fiot a native of India, and generally grows as a roadside or garden 
3uriosity near towns or villages. In Eastern India the fruits ripen 
'rom June to August (Eoxb., Kurz), but in Western India not until the 
3old season (Talbot). D ^ring the succeeding half-century the Indian 
press as a whole have rom time to time urged the importance of 
cultivating this tree, ■ ut with little or no effect. If, as already 
mentioned, the tree ' Jsts here and there all over India, it nowhere 
occurs in such abunf- mce, it is pleaded, as to hope for any immediate 
commerce in the o’'. The oil djes not appear to be expressed any- 
where in India, ey ept in the "".nan States. In some parts of Burma 
it is used as a vf^ nish for la quer ware, but according to Sir George 
Watt, it is usually state^ tb - for that purpose it shows no advantage 
ever sesame or sarson (rap, , oil).. 

Properties of Candle-nut Oil — The oil when crushed in the cold 
iS of a pale yellow with a pleasant odour, whilst hot crushed oil is 
crown with a b 1 smell. It dries somewhat about the same time as 
linseed oil. ^ linseed oil its drying properties can be improved 
by boiling' with driers. It then yields a boiled oil with very 
appreciable .Tying properties. Various Paris firms have in this way 
obtained ' xcellent results. And6s tested candle-nut oil as to its 
suitability for boiled oil and varnish-making. Small quantities of the 
crude brown oil were boiled with litharge, red lead, lead acetate, and 
manganese borate respectively. The lead-boiled oils were all very 
dark in v ''lour. At 140° 0. (284° E.) the oil gave off bubbles. It was 
kept at that heat only for a short time, the reason being, as explained 
by And6s, that he was working on a very small amount of oil. The 
boiled oil smelled like the raw oil, only somewhat more unpleasant. 
Th/manganese borate boiled oil did not alter in colour. The boiled 
candle-nut oils were said by*And6s to dry 4 hours sooner than well- , 
boiled linseed oil ! The boiled candle-nut oils dried at least 4 hours 
before the boiled liuseed oil, even the raw oil itself also dried more 
quickly than raw linseed oil. At 325° C. (617° F.) candle-nut oil 
gave off vapours with a very strong unpleasant smell. After the oil had 
i^idergOne partial destructive distillation and a loss of 20 per cent, 
by decomposition occurred, there resulted a thick soft mass as in the 
more partial destructive distillation of linseed oil in Mulder’s milder ex- 
periment. But the colour according to And6s was almost black, due 
bo the presence of much admixed impurity. In any case, no drying oil 
pan be heated to 617° F., without showing change of colour. Similap 
pj^eriments were performed with the white oil. Nearly, all the 
)ite bpiled with lead were dark in colour, whilst the manganese- 
Sorarte-boiled off was only slightly yellow. In the drying tests the pale 

27 ‘ 
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candle-nut oil showed the same advantage over linseed oil as the 
browi!i oil, and dried some hours sooner. But when pale candle-nut 
oil was heated to 325° C. {635°, F.) it was found that after 20 per cent, 
had undergone partial destructive distillation, the oil bleached to a 
colourless' white syrup. And6s reports that the durability of earth- 
coloured paints or metallic oxide paints with candle-nut oil as a 
vehicle, gave the same results as were obtained with boiled linseed 
oil. But owing to the scarcity of candle-nut oil on iihe market there 
is little hope of its use becoming general. 

De Negri examined candle-nut oil from seeds of Akuriies triloba 
(Hemsley) and of A. Moluccana, Wild. By extraction with solvents he 
obtained 62 per cent, of oil, but it did not dry as well as Chinese wood 
oil from Aleurites Fordii. 


TABLE SHOWINO THE C()NST.\NTS OP (^.ANDLE-NUT OIL. 
(DE NEGRI.) 



Oil Extracted by 


Ether. 

Petroleum Spirit. 

Specific gravity at 15° 0 

0-92r) 

0-921 

Solidify] Dg-point 

- 38 

Still fluid 

Melting-point of fatty acids 

20 to 21° C. 

— 

Saponification value 

" 187-4 

184-9 

Iodine value 

139-3 

142-7 

Refructometer (Zeiss) .... 

— 

75-5 to 76 


Samples of lumbangoil and nuts from the Philippines and Hawaii 
were examined at the Imperial Institute. The Philippine nuts con- 
tained 33 per cent, of oil and the latter 31 per cent. 


TABLE SHOWING THE CONSTANTS OF PHIIJPPINE AND 
HAWAIIAN OIL. 



Philippine Oil. 

Hawaiian Oil. 

Specific gravity at 15-5” C. . . . 

0 .1293 

0-927 

Refractive index at 20° C. . . . 

1-4772 

1-4783 

Iodine value, Hanu’s test . . . . ! 

155-3 

161-6 

Saponification value .... 

192-1 

192-6 

Insoluble fatty acids per cent. . 

92-5 

92-47 

Unsaponifiable per cent 

0-51 

0-83 


De Negri's colour reactions were undecided. The constants foi 
candle-nut oil are similar to those from wood oil and from a candle-nul 
oil examined by Lach, probably a mixed oil from different varieties oi 
Aleurites. When exposed to sunlight for 25 days in a sealed tu^e the 
above oils remained fluid, whilst expressed wood oil solidified under the 
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•same conditions. Wood oil extracted by solvents, according to De 
Negri, does not solidify under the action of sunlight,, onljr the 
expressed oil. The polymerised substance from the expressed oil 
melts at 32° C., the iodine value falls from 159 to'lSl. When heated 
for 100 hours in the dark at 100° C. it doe^ not change, but on 
cooling remains liquid. Candle-nut oil extracted by carbon disulphide 
CSg similarly treated always remains fluid, whilst wood oil also ex- 
tracted by CS^ solidifies. 

Fendler in 1903 examined the seeds of the candle-nut tree 
Aleurites MoluccMua from the then German Cameroons. The kernels 
<iontained the usual normal percentage content of oil, viz. 64*4 per 
cent. The ether- extracted oil is yellow and has an acrid taste. Its 
specific gravity at 15° C. is 0*9254, its solidifying-point was - 15° C. 
Its saponification value was 194*8, iodine value 114*2. The Eeichert- 
Meissl value was T2. The solidifying-point of the fatty acids was 
1 5*5° C. and their melting-point 18° ( •. The iodine value is far too low 
for genuine candle-nut od. And yet, according to Fendler, the oil dries 
quickly when spread in a thin layer and exposed to the atmosphere. 

Summary . — Henry A. Gardner gives an account of candle-nut oil, 
-or, as he terms it, Lumbang oil, in circular (No. 41) issued by the Educa- 
tional Bureau of the Paint Manufacturers’ Association of the United 
States. This account may well he taken as the source of a brief 
summary of our present knowledge. 

“ Lumbang oil is obtained from a tree {Aleurites Moluccana) allied 
to the J^ung tree {Aleurites Fordii), which is indigenous in Polynesia, 
a-nd is now cultivated largely in parts of Asia and in tropical islands 
such as Hawaii and the Philippines. The tree grows to a moderate 
height, i.e. 30 to 40 feet, and is covered with large glossy leaves. It 
bears two crops of nuts, which are enclosed in very thick, hard shells. 
The kernels arc pale, and contain so much oil that they are used as 
a source of illumination, hence the name — ‘ candle nuts ’. They have 
a. pleasant taste somewhat resembling Brazil nuts, and yield an oil 
very similar to tung oil, except that it does not gelatinise on heating. 
The oil has purgative properties. The pressed cake is useful as a 
fertiliser, and is used for this purpose by the natives, its price being 
$100 per ton, whOreas ground fish manure or tankage fetches only 
$25. At the present tifne the nuts are shelled by hand labour, no 
machine having yet been invented to do this in a satisfactory manner. 
The average v^ight of the nut is 11*7 grammes, percentage of shell 
■67*9, and kernel 32*1, and content of oil 60*3 per cent. 

PHYSICO-CHEMICAL ANALYSIS OP CANDLE-NUT OIL (GARDNER). 


Specific gravity 0-927 

Acid number 1'3 

Saponification number 192-3 

, Iodine number 162-0 

Refractive index 1*475 
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ANALYSIS Oi’ CANDLE-NUT OIL CAKE (GARDNL^-,. 

Per Cent 


Nitrogen 7*34 

Phosphoric acid (PgCV) ‘ . 3*95 * 

Soda(Na20) 0*47 

Potash (KgO) 1-42 


The Lumhang Nut hidustry in the Phili]opi7m. — Adcording 
A. W. Prautch, of the Philippine Bureau of Agriculture, lai 
quantities of lumbang nut are allowed to rot under the trees owing 
to the want of collectors, lack of transportation, and absence of 
organisation for dealing with the material. “The lumbang tree 
grows extensively in many parts adjacent to Manila, and from time 
to time the nuts are gathered in a haphazard fashion by the natives. 

A certain amount find their way to the four local mills through the 
agency of Chinese traders, but when these have obtained sufiicient 
for their needs collection ceases. It is difficult to obtain precise 
data as to the amount of lumbang nuts treated, but it is estimated 
• .that the total quantity will not amount to mo’e than 100,000 piculs 
’ (1 picul = 139^ lb.) annually, and the price at which they are sold 
in Manila varies from Jji>3 to $7*50 per picul for the shelled kernels. 

It is stated that there are two varieties of lumbang nuts, the one, 
a hard-shelled variety, being the true lumbang from Aleuritea Moluc- 
cana, also known as triloba, the other, a soft-shelled variety, from 
A. trisperma. The latter appears to be the more valuable of the two, 
as the oil resembles Chinese wood oil so closely that it is difficult to 
differentiate them, besides which it dries much more quickly than . 
that from the Moluccana species. During the last few years experi- 
ments in the planting of the lumbang tree have been inaugurated, 

, and since 1915 the Bureau of Agriculture have distributed 100,000 
seeds. The trees already growing have, however, been depleted 
‘. either in clearing the ground for cultivation or for use in the manu- 
' facture of match splints, for which, the wood being soft, it has been 
found quite suitable. It is pointed out that anyone taking up the 
' question of exporting lumbang should not lose sight of the fact that 
^ the nuts consist of one-third kernel and two-thirds shell, which means 
‘ high freight charges for the unshelled material.” 

Cordemoy tells us that “ in Cochin-China, Indo-Chinese lacquer, i.e. 
Cay lacquer, is mixed with wood oil (from a dipterocarpous tree. 
^jrMore likely it is the real Chinese oil that is used and not gurjun 
balsam) in the proportion of 2 parts of lacquer to 1 part of wood oil. 
'^he mixture is first exposed to the sun to give it the necessary fluidity. > 
^ ^ It is then passed through a sieve to free it from extraneous matter. 

Purified in this way it forms a very brilliant varnish. According to % 
;^ote published by the ‘ Revue Coloniale ’ of 19 May, 1895, candle-nut 
^il (Aleurites Moluccana, Wild), after having been reduced by boiling 
if>^'possesses analogous properties to a quick-drying oil of Chinese origin, 
l^ and which the Chinese of Cochin-China use in making their vanish! J 
^^pecimens of wood varnished with lacquer collected in the forests 
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TayninJi and candle-nnt oil are, it would appear, deposited at the 
Saigon Chamber of Commerce. Now the oil used in China for thisi 
purpose fs extracted from the seed of a tree yv^hich is no other than 
an Aleurites — A, cordata, Stend (Elaeococca verrucosa, A. Juss), that 
the Chinese call Tong Tse Chou or Oil Tree, and the Japanese Wu 
Lung. It is not therefore surprising that candle-nut oil from an allied 
species should have analogous drying properties and should be capable 
of being utilised in making these varnishes. Moreover, according to 
Lemarie (‘ Rev. Cult. Col.,' 5 September, 1899), the A'eurites cor data 
grows wild in the forests of Tonkin. It is the Cay T; au or rather the 
Cay Dan Son of the Annamites. But the colonists c Tonkin confuse 
it with the A. Moluccana, under the name of candlL-nut tree, a name 
which only belongs to the latter species. Moreover, trau oil has many 
analogies with candle-nut oil. It is yellowish, viscous, combustible, 
and much more quick drying. It is used with the lac after boiling. 
It is the wood oil of the Anglo-Chinese market, and not to be confused 
with guyjun balsam.” - 

The above statement by Cordemoy and the statement as to the 
drying properties of candle-nut oil by And4s which would make it out 
to be a better drying oil than wood oil, led the author to write to the 
Kew authorities to see, inter aha, if they could explain how it came to 
pass that candle-nut oil was reported as a poor drying oil on the one > 
hand, and as one of the best drying oils known on the other. The 
following extract contains t'hat part of the Director's reply which bears 
on candle-nut oil 

Extract from a LcMer to the Author f rom the Director of Kew 
Gardens of 16 March, 1917. 

On the subject of your difficulty in reconciling certain statements 
that have been made with regard to the properties of candle-nut oil 
and the possibility of a confusion between Aleurites cor data and / 
Moluccana, and in compliance with your request for data that may I 
available for the purpose of ^removing the difficulty, I beg to enclos 
a memorandum containing references to the more recent literatu: 
on the subject. Perhaps the difficulty you have experienced is. n 
confined to the possibility of a confusion between A. cor data and . 
Moluccana, but may be aggravated by the confusion which has pr 
vailed between A. cor data and A. Fordii, the latter being the tn 
source of Chinese wood oil,” 

The greater part of the memorandum referred to here is repr 
ducdd in the section dealing with wood oil. 

The remarks in the memoi^ndum relating more especially 
candle-nut oil are as follows : — 

''Aleurites Triloba, * Candle-nut \ 

In addition to the commercial products of India referred to 
^r^,Mcfntosh’s; letter, some particulars together vdth an analyi 
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of the seeds will be found in ‘Bulletin of the Imperial Institute/ 
No. 2, 1907, pp. 135-6 (John Murray, London); ‘ Pharmacographica 
Indica,’ by Dyraock, Warden, and Hooper, vol. iii., p'p. 278-81 
(Kegaii Paul, Trench, Trubner & Co., Ltd., London, 1893) ; and in 
the ‘Agricultural News,’ Barbadoes, 6 October, 1906, p. 317 (Dulau 
k Co., 37 Soho Square, London).” 

Fiint'iirida Kicksia Africana Oil is obtained from the seeds of the 
plant formerly known as KickHia A fricana, but now termed Funtumia 
Fjlasiica, a West African rubber-bearing tree, cultivated in Trinidad 
and other West India Islands. The seeds arc very small, 100 
of them only weigh about 75 grammes. Hebert obtained 20 per 
cent, of oil, Rideal and Acland 31 to 33 per cent. The oil deposits 
a solid stcarine on standing — specific gravity at 15“ C. (59“ F.) ; 
saponification No. 185 ; iodine No. 138 ; refractive index at 15“ C. 
1’4788 ; the insoluble acids amount to 95*1 per cent. (Rideal and 
Acland). 

Hemp- seed Oil is expressed from the seed of the hemp plant 
(Cannabis saliva), a plant belonging to the family of Urticacece, the 
nettle family, and from the fibres of which 
cordage, ropes, etc., arc spun. There is 
sometimes a difficuky in getting linseed 
absolutely free from adulteration with 
hemp-seed oil. This is owing to the prac- 
tice of growing linseed and hemp-seed as 
mixed crops. The oilcake is used as a 
feeding stuff for cattle. In the U.S.A. the 
yield of hemp-seed is said to be 20 to 40 
bushels of seed to the acre. The plant 
requires to be harvested before becoming 
quite ripe owing to liability to seeding. 
The fruit of the plant is nut-like in form, 
and comes on the market freed from its 
outer capsule. It is of an oval shape, 3 
to 4 millimetres long and 2 millimetres 
broad, somewhat drawn together in the 
middle. The outer s^ell is brown or 
greenish-brown in colour, thin and hard, 
with a smooth surface, composed of two 
sections, of which the outer is pale green- 
ish, and the inner brown-green. The fruit- 
like seed has a thin light green skin, and 
fills the capsule completely. The seed has 
a peculiar smell, a mild oily taste, ahd contains 30 to 35 per cent, of 
if a pale limpid oil. 

The oil is obtained in the usual way by pressing the seed with or 
without previous heating, or by extraction in the customary form 



Fig. 105.— Cannabis saiwa. 
The source of hemp-seed 
oil. 
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The yield of oil is about 25 per cent, by expression or 30 to 32 per 
sent, by extraction. , * 

Cold# pressure extracts of a thin pale green oil, warm pressure 
L dark thick oil. 

The following figures give an idea of the composition of the seed : — 


TABLE SHOWINCJ THE COMPOSITION OF (1) GERMAN AND 
(2) RUSSIAN HEMP-SEED. 


• 

German licnip- 
Seed. 

Russian Hemp- 
Seed. 

Orgauic matter 

64*;-10 

54*95 

Proteids (included in above) . 

(1' *95) 

; (15*00) 

Ash 

P4r) 

4*50 

Water 

B'bf) 

9*13 

Oil 

38*00 

31*42 


In Poland, Galicia, and Russia large quantities are produced and 
used in the oil and varnish industries. In Russia the best sorts are 
used as edible oils. * 

The principal application of the cold-pressed oil is in cooking and 
baking, and large quantities of warm-pressed oil are used for burning 
and in the manufacture o^ soap. 

The*gr^en soft soap of North Germany Is a hemp-seed oil soft soap. 

The seed loses its germinating power very quickly, hence the stock 
of seed should be one season old only. It is said Russia annually 
produces half a million tons of hemp-seed. 

CHEMICAL AND ]>HYS1CAL PROPERTIES OP HEMP-SEED OIL. 



IXmsity at 
1.5° C. 

» 

Sohdifi- 

cation- 

poiut. 

Saponifi- 

cation 

Value. 

Iodine 
Value. ^ 

Mau- 

meni’'8 

Tost, 

° C. 

01 eo re- 
fracto- 
nieter. 

Allen 

0*925^-9311 

Thick 



_ 


Benedikt . . . 

- 

at 

— 

157*5 

__ 

— 

Ohkteau . 

0*9270 J 

- 15° C. 

— 

— 

— - 

— 

De Negri and Fabris 

0*9280 ) 

solidifies 

192*8 

140*5 

95-99 

— 

Pontenelle 

0*9276 / 

at - 27° C. 

— 

— 

— 

— 

Hiibl . •. . 

— 

__ 

— 

143 

— 

— 

Jean 

— 

— 

— 

_ 

— 

+ 80 

Massie . 

0*9255 

— 

— 

— 

— 

— 

Mlumone 

— 

— 

— 

— 

98 

— 

ShukofI 

— 

— 

192-194*9 

157-166 

— 

— 

Souchere . 

0*9255 

• — 

— 

— 

— 

— 

Valenta . 

— 

— 

393*1 

— 

— 

— 

Fahrion . 

0*925 


190-5 

145-66 




F. Ludwig, average of 11 samples, 149*4. 
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PATTY ACIDS. 



Melting- 

ppint, 

"C. 

Solidifica- 

tioii-point. 

Mean 

Molecular 

Weight. 

Iodine Value. 

Acetyl 

Value. 

Benedikt and Ulzer . 



280*5 


7*5 

De Negri and Fabris 

17-10 

14-16 

— 

141 

— 

Morawski & Demski . 

— 

— 

— 

122-125*2 

— 

Hiibl .... 

19 

15 

— 

— 

— 


The colour of freshly pressed hemp oil is greenifeh-yellow ; 'that 
extracted with carbon disulphide is brownish-yellow, while ether- 
extracted oil is an intense fresh green. The green colour of the 
freshly-pressed or ether- extracted oil leaves it after some time and the 
oil becomes brownish-yellow. The smell and taste are like those 
of the seed. The flavour is described as disagreeable, the odour as 
mild. With regard to viscosity, at 15° C. the oil flows 9*6 times 
more slowly than water, and at 7*5° C. it flo’ ;8 11*6 times. Hemp 
oil dissolves in 30 parts of cold alcohol and is miscible in all pro- 
portions with boiling alcohol, but the solubility in alcohol of any oil 
is a function and factor of the free fatty acid. Its solution in 12 parts 
of boiling alcohol deposits stearine on cooling. One part of the oil 
requires 2 parts of ether to dissolve it. The liquid fatty acids contain 
a large proportion of linolic acid, and smaller quantities of linolenic 
and isolinolenic acids, also oleic acid. The elementary composition of 


hemp oil according to Mulder is — f 

Carbon 76*05 per cent. 

Hydrogen 11 ‘36 „ 

Oxygen 12*60 ,, 


The percentage of solid fatty acids in a hemp-seed-boiled oil separ- 
able from the mixed fatty acids was found by Lidoff to be 4*8 per cent. 
Fluid hempolic acid would appear to be identical with linolic acid, 
CigHggOg. Hazura gave in his first research the old formula, in his 
second research CigHg 20 jj, with the hexi«bromlinolenic acid, of m.p. 
177° C., and the tetrabromhempolic acid, CjgHgjjBr^Og. Lastly, 
systematic oxidation with KMn 04 , 'shows that hemp flic acid is not a 
’Simple body, it yields 4 per cent, of dioxystewric acid, 24 per cent, of 
sativic acid, and 2*5 per cent., of linusic and isolinusic acid. Fluid 
‘‘ hempolic ” acid in addition to linolic acid, 70 per cent, contains oleic 
acid, CjgHg^Og, about 15 per cent., and linolenic acid, CjgHgQOj). 

Mulder found palmitin and stearin. Lewkowitsch denies, the 
presence of the latter. The flash-point of hemp-seed oil is 276° C. 
(527° F.) (Eakusin). The dextro-rotary polarisation is 0*1. t 

There are a number of colour tests for hemp oil. On heating with 
'soda lye (specific gravity 1*340) it gives a brownish-yellow hard soap,* 
whereas linseed oil gives a yellow but softer soap. With suiphujl^ic 
^id an intense green coloration, similar to that obtained with linseed^ 
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oil, characterises it. " When 5 parts of hemp oil are mixed with 
part of a mixture of equal parts of strong sulphuric acid, f laming nitric ' 
ftcid and water, a green colour is obtained which soon turns black, and 
becomes reddish-brown after 24 hours' standing. Strong hydrochloric 
-acid turns fresh hemp oil grass-green, and older oil yellowish-green. . 

The drying power of hemp oil has been stated to be as good as 
that of linseed oil. But it is far from being so. Weger in fact found it , 
took 4 to 4-^ days to dry with the oxygen absorption of 13*6 and 13'4 
respectively. Hemp-seed oil is, however, a useful raw oil for oil boil- i 
ing. Its green coloration can be bleached by fuller's-earth. More- 
•over, it may be changed to a golden-yellow by long heating at 300° F., 
when a golden-yellow stand oil is obtained. 

When mixed with 2-^ per cent, of powdered litharge and IJ per 
<5ent. of sugar of lead and heated, a very good boiled oil for painting pur- 
poses results. Zinc white ground with this boiled oil and painted on tin 
•dried in 12 hours. When the price of linseed oil is compared with that 
•of hemp-seed oil, it will be seen that if the latter will give as satisfac- 
tory results in practice as linseed oil does, its use would be profitable. ' 

Experiments in Boiling Hemp-seed Oil. — Hemp- seed oil was first 
heated without the addition of driers. The temperature rose quickly 
to 200° C. (392° F.) ^ 7 ithout any scum forming on the surface, and with 
•only slight formation of bubbles. Vapour with a faint, rather pleasant 
•odour then began to be evolved, and when 270° C. (518° F.) was reached 
there was no “ breaking ” or separation of mucilage as with linseed oiL 
■The tint' of the oil on cooling was, when seen in bulk, slightly darker 
and perhaps a little less transparent, but the smell did not differ from 
that of the raw oil. By continued heating at 270° C. (618° F.) a very 
unpleasant vapour was evolved. On cooling, a slight increase was 
*^noticed in the viscosity, but the colour was only slightly darkened. 
Heated for 2 to 2^ hours at 300° C. (572° F.), a very thick-flowing 
golden-yellow “stand” oil of high transparency was obtained, which 
resembled linseed “ stand ” oil in smell. 

A fresh sample of hemp-seed oil was treated with litharge. 500 
grammes were taken, and iieated to 150° C. After 10 minutes at 
this temperature, 40 grammes of powdered litharge was stirred in, 
little by little. ?he addition made the oil froth a good deal, but only* 
.a slight scum was foftned. The colour altered to dirty greenish, 
darkening little by little until the product finally became brown. 

A. Lidoff Examined two Russian hemp- seed boiled oils with the 
following results : — 


Acid value 
Saponification value 
Hehner value . 
lodJne -II • 

Aoid value of fatty acids 


I. 

11. 

13-1 

12-7 

201-0 

— 

93-4 

92-9 

140-0 

— 

148-6 

162*8 

149*1 

168-4 ? 
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Lidoff was astounded at the high iodine number of the fatty 
acids,' for \n the literature Morawski and Demski’s figures are given 
as 122 to 125’7. These figures are much too low, being due to the pro- 
longed heating of the A.tty acids. Lidoffs figures for the two boiled 
oils for similar reactions, showing a relationship between the iodine - 
and oxidation figures, is excessive ; then the Hehner value of 93‘4, and 
the iodine number of 140 of boiled oil I. calculated for the fatty acids 
themselves, give the iodine number of 149‘9, which agrees well with 
that found by Lidoff 149‘I . The acidity of the boiled oil has increased 
one-fourth. The increase is due to the great heat utilised in oil-boiling, 
as Lidoff only found the small glycerine content. The glycerine 
therefore plays an important role during the drying process, as Lidoff* 
found by two oxidation experiments with boiled oil IL, and the fatty 
acids contained therein. But the film was far too thick. That the 
layer of free fjitty acids absorbed more oxygen, but took much 
longer to dry than the glyceride, is not surprising. Mulder obtained 
the same results with linseed oil. The acid value of the fatty acids 
submitted to the experiment (inner half 75 days, 153‘4 to 163‘2). 
]'’et]’off made two similar experiments but with much thicker coats, 
one with the raw oil, the other with the same hemp-seed oil blown 

and heated to 200° to 250° C. ( = 392° to 482° F .) for 4 hours. The 

oxygen absorption in both cases was 12 per cent., that of the inner 
half only 0*3 in 75 days. Petrofif concludes that the blowing of hemp- 
seed oil is beneficial. These hemp-seed befiled oils took the following 
time to dry : — 

Raw hemp-seed oil 8 days 

,, ,, ,, witli 2 per cent. MiiR . . .25 hours 

„ „ „ „ 2 „ MiiL . . . 25 „ 

Blown hemp-seed oil, ,, 2 ,, MnR . . . 20 ,, 

„ „ „ „ ‘2 „ MnL . . . 34 ,, 

Boiled Hemp Oil. Specification for South Eusdan Foot Flys . — 
Boiled hemp oil must be pure with no foots, without any bitter taste, 

and be unmixed with other cheap oils. It should not yield over 1 

per cent, of foots. (1) It should mix easily with pigments and flow 
easily with the brush, dry to the bottom surface in 24 hours, and not 
creep. (2) The specific gravity at 15° C. must be between 0*935 and 
0*955. (3) If it is agitated with strong sulphuric acid and does not 

take on a clear green colour hut one of a reddish tinge, then there is- 
certainly a mixture of train oil present. (4) If when mixed with 
ether it yields a dark red colour when poured on ultramarine, rape 
oil is present. (5) It must not contain a mixture of linseed oil 
Horned Poppy Oil. — The oil of Glaucium flavum is'j present in 
the seed up to 30 per cent, of oil. 'When extracted in the cold it is 
ck'^ale yellow, inodorous, insipid, its density is uncertain. Cloez gives- 
for two tests 0*913 and 0*92416, one of which, evidently the first, 
must be a misprint. When hot expressed, this oil is darkey aiid 
smells more strongly. It dries very well and should be utilised as- 
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an edible oil, and as an illnminant. As the plant springs up natur- 
ally on waste gravelly ground, on the seashore, and the bahks of 
streamsfit has been thought to multiply it there and thus render 
barren land profitable, such as the shingle of the lower Seine. 
This project was never executed. ,, 

- Kay a Oil . — This oil is obtained in Japan from the seeds of Torreya 
nucifcra S. et Z. (Taxamn). The plant grows wild in mountainous 
regions in several districts of Japan. The kaya seed is usually of a 
long oval shape with pointed ends. It is 1-5 to 2*5 centimetres long, 
and weighs on an average 1 gramme. The testa has a brick-brown 
colour, and is very hard ; the nucleus is pale yellow, covered with 
reddish-brown tegmen. A sample consisted of 32 per cent, testa and 
68 per cent, nucleus. The analysis of the nucleus gave the following 
results ; — 


Locality. 

Moisture. 

Oil. 

Asli. 

Tokyo .... 

5'04 per cent. 

51 *07 per cent. 

2-20 per cent. 

Sliiga .... 

2*07 

51-70 

2-20 




The oil is prepared by steaming and pressing the powdered seeds. 
About 13 per cent, by volume of the oil is obtained from the seed. 
For the examination of the oil, a cold drawn oil from the Tokyo seeds 
and two commercial specimens from Miye and Tottori prefectures 
were used. The oil obtained by cold pressing is a light yellow liquid 
with a faint odour and mild taste. When cooled down even to - 20'* 
C. it gave no turlndity. The commercial oils are yellow in colour, 
and have faint, resinous odour. Their taste is decidedly unpleasant. 
The Tottori oil was very turbid from the presence of admixed im- 
purities. 

PHYSICO-CITEMICAL CONSTANTS OF KAYA OILS. 



'I’okyo Oil. 

Miyc Oil. 

Tottori Oil, 

Specific gravity C. 

0-9238 

0-9233 

0-9244 

Acid value 

1-48 

4-24 

12-06 

Saponification value 

188-38 

188-34 

187-95 

Iodine value (Wijs) .... 

142-21 

137-95 

133-37 

Hehner value ’..... 

95-7 



— 

Reichert-Meissl value 

0-93 





Refractive index at 20" C. 

1-4770 

1 

1 i 

1-4757 


Kaya oil dissolves readily im the common solvents ; in Valenta’s 
test the cold-drawn oil gave turbidity at 62° C. By the elaidin test 
(at 15° C.) no solidification was observed after 2 hours, and at tfie 
^end of 24 hours only a small deposit of a buttery substance was 
forflaed.p The mixed fatty acids obtained from the cold-drawn oil 
form a pale yellow liquid at the ordinary temperature ; when cooled^ 
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crystalline deposits were formed, which melted into the oily part at 
' ^6° C. Tke following constants were determined : Specific gravity 
(at 98® C.), 0*8509 ; neutralisation value, 192*81 ; mean tnolecular- 
weight, 290*96 ; iodine value (Hiibl), 149*45. When heatei in a thin 
layer at 100® C. for 3^ hours kaya oil dries to an elastic film. The^ 
boiled oil prepared by heating the oil with manganese borate or 
rosinate, dries perfectly in 24 hours at the ordinary temperature. By 
the hexabromide test no precipitate was obtained. The composition 
of kaya oil has not yet been fully ascertained. T. Kametaka obtained 
a tetrabromide of m.p. 114® C. by broininating the "mixed acids in 
glacial acetic acid ; so the presence of linolic acid should be taken 
’ as proved. Kaya oil belongs to the group of drying oils. Its drying' 
property is, however, much weaker than that of linseed oil, as might 
be expected from its iodine value. The cold drawn oil is used as 
an edible oil; commercial oils have sometimes a very unpleasant 
resinous odour, and are utterly unfit for foodstuff. Besides for burn- 
ing, the oil is used in the manufacture of oil pjipers, as an insecticide, 
•etc. It may be also used as a material in the manufacture of paint 
and varnish. 

Lallemaniia Oil, — French, Huile de Lallemantia ; German, Lal- 
lemantiaol, — Density at 20® to 21® C. 0*9336 ; solidifies at - 35® C. ; 
Hehner value, 93*3 ; Eeichert value, 1*55 ; saponification value, 185 ; 
iodine value, 162*1 ; melting-point of fatty acids, 22*2® C. ; solidifica- 
tion point of fatty acids, 11® C. ; iodine value of fatty acids, 166*7. 
This oil is extracted from the seeds of Lallemantia Iberica, Fisch et 
M., a plant belonging to the Labiatoe, growing wild in the Caucasus, 
and cultivated as a farm crop in Kussia, near Kieff. Its iodine value 
is very high, thus ranking it amongst the first members of the drying 
, oils. Wood oil, however, surpasses it, although the drying properties 
of linseed oil would appear, according to Kichter, to be inferior to it. 
Eichter spread a little of the oil on a watch-glass, and after 9 days’ ex- 
posure it dried to a thick resinous coating. But the drying properties 
. have possibly been overrated, and confirmatory results are necessary. 
By heating the oil to 150° C. (302® F.) tor 3 hours complete drying 
took place after 24 hours. The oxygen absorption by Livache’s test 
r. was 15*8 per cent, after 24 hours, and for the mixed'fatty acids 14 per 
, -cent, after 8 days. Ten grammes of the oil at 18° C. treated with 2^ 
grammes of concentrated sulphuric acid gave an increase in tempera- 
ture of 120® C. (248® F.) identical with a good linseed oil. 

Madia Oil is extracted from the seeds of Madia Sativa, a Chilian 
; plant introduced in the early decades of last century into the agriculture 
of the drier parts of Europe. Madia oil expressed without heat is 
transparent, yellow, odourless (Bindley), endowed with a peculiar 
-‘^our, and fit for salads. Its cake is good for cattle. It produces 
in dry climates as much oil per acre as poppy. In comparison 
; ^ with colzas as 32 to 28, linseed oil as 32 to 21, and olives rs 
^ to 16. Thi^ oil dries very well and can compete witK^the best 
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poppy-seed oil. The density of the oil is’ about 0*92922, is coloured 
^ed by nitrous acid, and forms with soda a hard colourless spap. ' ' 

PHYSICAL AND CHEMICAL CONSTANTS' OF MADIA OIL. 


Authority. 

Density at 

C. 

Solidificatioii- 

poiut. 

SapoiAii- 
cation No. 

Iodine 

No. 

Maumen^, 

Test. 

De Negri and Fabris 
Hartwich 

Biegler 

Winkler . 

0-9285 

0-920-0-928 

0-9286 

- 12 to - 15 

- 22-5 
(cold drawn) 
- 10 to - 17 
(by hot 
pressure) 

192-8 

_ 

117-5-119-5 

95-99° 0. 

Fatty Acids. 

Solid-point. 

Melting- 

point. 

Iodine 

No. 



De Negri and Fabris 

2S-22 

28-26 

120-7 

i 

1 




Fig. 106.— Longitudinal section of fruit of Zea-Mais ( x 6). 
h, pericarp ; n, remains of the stigma ; /s, base of the fruit ; eg, hard yellowish 
part of endosperm ; ew, white softer portion of endosperm ; sc, scutellum 
^ (cotyledon) oi embryo ; ss, its apex ; e, its epidermis ; fc, plumule ; w (be- 
low), the main root ; ws, sheath covering main root ; w (above), lateral root- 
lets springing from the first intemode of the stem, st. (After Sachs.) 

Maize Oil, Corn Oil . — The commercial prominence which maize 
oil and cake have gained during the past two decades has proved 
tlie importance of this grain as a competitor of the oil seeds as soon 
ftfi. the characteristics of its products were understood. Both the oil 
^ aad qp.ke have been subject to the prejudices which exist against all 
ineM products, and they have been marketable only at prices which 
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afforded a sufficient margin of saving, as compared with the older 
oommbdities whose field they invaded, to command the attention of 
buyers. i 

Maize oil has certain characteristic properties, however, that are 
not at pi esent made upe of, at least, to the extent they might be. It 
forms a strong and elastic emulsion very quickly. It is very fluid, 
and remains clear, and that at a very low temperature. It does not 
jgive when chilled any precipitate until 0^', when a few gelatinous 
strings separate. It is susceptible of refining to a handsome, almost 
water colour, much finer than can be done with linseed oil. Kan- 
cidity rarely or never gives trouble in this oil, nor is the danger of 
spontaneous combustion (ignition) so great as in others. The taste 
and odour can be largely removed, nor are they unpleasant in the 
orude oil, cons sting simply of an intense maize taste and odour. 

The crude oil, obvious without any test, would seem to indicate 
that there arc great possibilities for a carefully refined product which 
would give it a prominent place among the^ edible oils, and would 
possibly enable it to find its ’way into industrial uses for which it has 
not thus far been suggested. It is less likely, apparently, to invade 
the domain of linseed oil than it is to compete with the semi-drying 
•class to which it more distinctly belongs. 

As is gjnerally known, the oil is now made wholly from the germ 
of the maize kernel, which is an otherwise valueless if not, indeed, 
detrimental constituent of the corn, in the manufacture of glucose, 
starch, and in filcohol distilling. This has proved an unfailing and 
cheap source of supply, and this is said also to give to the cake a 
superioj’ity over cake from seeJs which yield a larger percentaje of 
husk or other exterior hull. Analysis of corn cake, the figures given 
being percentages : — 


TABLE (ilVINU COMPARATIVE ANALYSIS OF MAIZE, LINSEED, AND 
CO'rTON-SEED OILCAKES. 



Maize 

OilcakeV 

Linseed 

Oilcake. 

Cotton- seed 
Oilcake. 

Moisture 

9-75 

9-i,:i 

9-1 

Protein 

21-70 

32-75 

45-0 

Pat 

10-60 

10-50 

10-0 

Non-nitrogenous extract and fibre . 

54-68 

42-00 

29-0 

Ash 

3-37 

5-25 

6-4 


The larger percentage of protein in cotton-seed oil cake is the 
average of a series of analyses, the range of which was from 41 to 53 
per cent. A careful determinat on of the fertilising value of the dif- 
S^erent cakes has not been ma le. However, they serve to indicate 
that corn cake is, as it would seem necessarily to be when we con- 
sider that it is made wholly from the heart of the kernel, ai le^ 
formidable competitor of the oil seed product than is the oil itself. 
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Manihot Oil . — Manihot Glazowii oil is the product of a rubber- 
bearing tree, indigenous to arid regions of Brazil but cultivated in 
East and West Africa. The nut weighs about 0-5 gramme, about 
•8 grammes, the shell or husk is hard. The seed contains 45*3 per 
cent, of kernel and 54*7 per cent, of shell. But Fendler and Kuhn 
found 25 per cent, of kernel. The whole seed yielded 15*75 per cent, 
■of oil. On exposure to air in thin film this oil dries to a skin after a 
few weeks but the absorption of oxygen is not great, amounting only 
to 8*8 in 7 days. Specific gravity at 15" C., 0*9238 to 0*9258 ; m.p. 
below - 17" C.,; saponification No., 188*0 to 189*1; iodine No., 135 
to 137 ; refractive index at 15" C., 1*475. Fatty acids : The oil con- 
tains 95*1 per cent, of insoluble fatty acids. Specific gravity at 25° C., 
•0*8984 ; solidification-point, 20*5° C. ; m.p.. 23*5° 0. ; neutralisation 
No., 197*6; iodine No., 143*1. 

Nsa-Sana . — Some seeds from the Calabar district of Southern 
Nigeria were examined by the Imperial Institute. No information 
was received as to the botanical source of the seeds, but from in- 
quiries’ by the principal Forestry Officers, they are the product of 
Bicinodendron africanum. The sample consisted of about 3-J- lb. of 
the seeds, which were in fnir condition on arrival. They contain 
45*2 per cent, of oil, which dried in a day on exposure to air at the 
atmospheric temperature, and left a wax-like residue. The oil has 
been examined chemically and found to resemble t’ung oil (Chinese 
wood oil) in composition. 'The following table gives the results ob- 
tained in the examination of the oil from the Nsa-Sana seeds and also 
the t’ufig oil for comparison : — 



Oil from 
Nsa-Sana Seeds. 

T’ung Oil. ' 

Specific gravity at 20'^ C 

0-9320 

0-933 to 0*942 
(at 15-5° C.) 

Saponification value 

191-G 

190-197 

Iodine value, per cent 

Hehner value (percentage of '■’insoluble 

147-7 

149-165 

fatty acidsl 

95*2 

96-3 

Titer test (eolidifying-point of fatty acids) 
o 

35-7° C. 

37*1 to 37-2° 0. 


These results, and the behaviour of the oil on drying, seem to shov 
that the oil from Nsa-Sana seeds could be utilised as a substitute fo: 
tung oil; but technical trials would be necessary in order to de 
termine this point. Tung oil is principally sold in the United Statei 
■of America, but there is also a fair market in this country, where i 
is used in the manufacture of linoleum and also varnish-making. Th 
price of tung oil in London at the date of report was from £32 to £3; 
per ton. The Nsa-Sana oil could also be utilised for making sof 
«Dap^ and at present it would be worth from to £20 per ton fo 
this purpose. The value of the seeds would ^e determined by th 
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amount of oil which they contain and the price obtainable for it.’ 

' The s^eds were analysed, and the results showed that the cake 
left after the extraction of the oil would possess a feeding value ap- 
proximately equal to that of decorticated cotton-seed cake. The meal 
was examined for poisonous constituents, and indications of the 
presence of an alkaloid were observed. On this account, and also 
owing to the nature of the oil which the seeds contain, it seems im- 
probable that the cake could be used as a cattle food, and very careful 
experiments as to its effects on animals would first have to be made 
before it could be recommended for this purpose. It could, however, 
be utilised as a manure, since it is rich in nitrogen. 

Manketti Nut Oil {Nsa-Sana Oil). — This oil is said to be the pro- 
duct of Ricinodendron Rhautanenii (Schinz), belonging to the family 
of Euphorbiacea or Sporge Worts, growing to a height of 40 to 50 
feet, and common in the South African veldt, indigenous to South-West 
Africa. But the same tree apparently grows in Central Africa, if we 
may take Southern Nigeria as part of the Central Division of Africa. 
At any rate the fruit of the Ricinodendron Rhautanenii is described 
as weighing about 10 grammes, and the seed about 1-^ grammes. The 
kernel weighs about 10 per cent, of the whole fruit. It contains 61*5 
per cent, of oil = 32*3 on the whole seed, or 5-15 per cent, on the 
fruit, A later bulletin describes the fruits as | to 1 inch in diameter, 
and 1 inch to 1-J inches in length, consisting of husks 13 per cent^, 
mesocarp 20 per cent., and nuts 67 per cenc. The kernel of the nut 
formed 10 per cent, of the entire truit. The kernels contained about 
4*1 per cent, of moisture and 57*2 per cent, of a bright yellow liquid 
oil, giving the following numbers : specific gravity at 20° C. 0‘9320 ; 
acid number, 1*9 ; saponification number, 191‘5 ; iodine number, 133'6. 
Its iodine number, insolubility in alcohol and solubility in light pe- 
troleum, point to the oil being semi-drying and not to its belonging to 
the castor-oil group. It is not particularly suited for paint-grinding or 
varnish-making. It is used as an edible oil. The small proportion of 
kernel and the difficulty of extracting the oil debar as unprofitable 
the exportation of nuts to Europe. 

With regard to Manketti nuts, the latest information states that 
these are obtained from a Euphorbiaceous tree (R%c 'nodendron Ran- 
tanenii), which grows on the South African veldt. It is a moderate- 
sized tree growing to a height of 15 to 25 feet, in some places form- 
ing extensive forests. The fruits are about | to 1 inch in diameter 
and 1 to 4 inches long, have a tough outer reddish-brown, husk, a 
pulpy brownish mesocarp, and a nut which amounts to “about 67-per 
cent, of the whole fruit. The shell of the nut is thick and woody, 
while the kernel, amounting to only 10 per cent, of the whole fruit,^ 
[o oily and cream-coloured. The kernels yield 57'2 per cent, of a 
bright yellow oil, which has an iodine value of 133*6 and is a semi- 
drying oil. This could be used for soap-making and possibly a^ jau' 
edible oil, but for paint and varnish purposes it would nbt^be, al- 
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• together suitable. At the present time the kernels would fetch per- 
haps £20 per ton, but in ordinary times their value would-be Hearer 
£12 or ^14. The nuts are extremely difficult to crack, and this, 
together with the small proportion of useful Sernel and mesocarp, is 
• regarded as a barrier to their employment in preference to other oil 
seeds as long as the latter can be obtained at reasonable prices. 

Niger, Kersanee, or Bam-til Oil . — The “Niger seed’' of African 
commerce, and the ram-til or Kersanee of Indian cultivators is the 
product of a plant belonging to the natural order of Compositcg 
Guizotia Oleifera. The plant grows wild on the Gold Coast of 
Africa and is cultivated in Abyssinia and in many parts of India, 
especially Mysore and the Deccan. Here the seed is sown in July- 
August after the first heavy rains, the fields being simply ploughed and 
neither weeded nor manured. The st'ed is drilled in rows 11 to 13 
inches apart, and 4 to 6 lb. seed per acre is held sufficient. It is 
commonly grown alone but is sometimes accompanied by a pulse crop. 
When the crop is ripe it is cut (3 months after the sowing) near the 
root and stacked for 8 Says, and after being sun-dried for a few days, 
the seed is threshed out and separated from fragments of the plant 
by a*fan, the produce being about 2 bushels an acre, which seems a 
very poor yield. By.the common country mills only 25 per cent, of 
oil is got from the seed, but better appliances bring the average up to 
35 or even 40, but the seed dries quickly, and in England yields only 
16 gallons of oil, while rap«-seed yields 20 gallons. The oil is limpid, 
clear, pate yellow or orange in colour, and sweet flavoured with a 
nutty t^te, and is used as an edible oil by the poorer classes of India 
and commonly as a lamp oil. It is said to be useful in case of dislo- 
cated or fractured bones in cattle. Though much inferior to gingelly 
it is often used as a substitute for it and to adulterate both gingelly 
and castor oil. The oil contains little stearic or palmitic acid, hence 
soap made from it though very white is soft. The cake is highly 
appreciated in some parts of the country, being much esteemed as a 
food for milch cows. The seeds are cmshed in Hull and Marseilles. 

It is used as a substitute fof linseed oil when the latter is dear, and 
also to adulterate rape, etc., oils. It is said by Allen to dry rapidly 
at 100° C. From its iodine number Niger-seed oil falls to be 
classed amongst tne slow drying. However, it is said, owing to the 
scarcity and high price from time to time of linseed oil of late years, 

0 be largely used as a linseed oil substitute. On this basis Meister 
nade some experiments on its drying properties. He found it to 
iry itself in 8 days, but by adding driers in 16 to 20 hours. But 
he boiled oil was much darker than boiled linseed oil, and the dried 
urface remains tacky for a whol^ day. To some extent Niger-seed 
dl closely resembles Soya bean oil, and is only used as a substitute for®* 
^ 'led linseed oil when the product is pale enough coloured. 

/For details of the extent of the different areas under this crop in 
/e provinces of India, so far as statistics are available, and the crop 
VOL. I. 2K 
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classified with other oil crops, the reader is referred to Sir George 
Wattes “ Commercial Products of India,” page 625. 

' 0}\ from the Para Biibber Tree, Hevea Seed Oil. — On extraction 

with petroleum ether the entire seed gives 20 per cent, of oil. The 
kernel alone, which is about half the weight of the seed, gives 42*3' 
per cent. The total oif is distinguished from that pf the kernels alone 
mainly by containing a solid fat with a high saponification number and 
low iodine value. The oil dries in the air to a pale transparent coat, 
and could be used as a substitute for linseed oil, especially now that 
Hevea is systematically cultivated for rubber. The kernel oil shows the 
following constants : specific gravity at 15" C., 0*93 ; free acids reckoned 
as oleic, 5*4 per cent., acid number, 10*7 ; saponification number, 206*1 ; 
iodine number, 128*3. A sample of oil from ground seeds gave 
65*6 per cent, of free fatty acid reckoned as oleic. This large amount 
is due to a decomposition of the neutral oil in the crushed seed by an 
enzyme, and makes the meal useless as fodder. Nevertheless the 
press-cakes from the kernels can be fed to cattle. Analysis of these 
press-cakes gave: Water, 13*36 per cent.; ash, 5*19; fat, 6*00; 
protein, 26*81 ; cellulose, 48*64. Hevea-seed oil is valued at about 
£20 per ton. It is not advisable to export the whole seeds, but the 
kernels, which are taxed at from £10 to £12 per ton, must be exported. 
The press-cakes have about the same value as linseed press-cakes, . 
viz. from £5 15s. to £6 15s. pet ton. 

Para Rubber Seed Kernels. — A sample of Ceylon kernels yielded 
45 per cent, of oil on extraction by solvents. A sample of the extracted 
oil was found to give a high “acid value,” and this was sedn to be 
the cause of the poor non-spreading qualities of paint prepared |from 
it. A high “ acid value ” is given by oil from damaged or old kernels ,' 
only sound seeds should be used. If seeds are decorticated on rubbfer 
plantations, as they should be for export, they should be well sun- 
dried, to prevent moulds, which are likely to liberate free fatty acids 
from the oil. , 

Samples of the seed were distributed to various firms for technical 
trial, and samples of the cake, after expi-essing the oil, were sent to 
the South-Eastern Agricultural College, Wye, for feeding trials. The 
results of these trials may be summarised as follov^s : — 

1. Paint and Varnish Manufacture. — Orje of the principal uses to 
which the oil may be put is the manufacture of paints and varnishes, 
since it belongs to the class of oils known as drying oils and closely 
resembles linseed oil, for which it forms a good substitute for the 
above purposes. Manufacturers to whom the samples were sept 4or 
trial state that, unless the oil is obtained at a fairly reasonable price- 
compared with linseed oil, it could iiot compete with the latter. ‘ ‘ 

.1 2. Linoleum Manufacture. — From several tria^ls made with tfie 

oil, the general f>pinion was that it was not very suitable for Unoleun^M. 
manufacture, and could not be used as a substitute for line^ 
"unless the prictj was very low. 
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{j. ISoap Manufacture. — One firm, of oil crusher^ said that it might 
be equal in value to linseed or cotton-seed oil for soft soap# ' 

Cpnciusions. — There would be no difficulj}’ in finding a suitable 
market for the oil, not only as a substitute for linseed oil, when the 
latter was high in price, but also for purpose,,s for which linseed oil 
was unsuitable ; but in the problem of utilising the oil, cost of raw 
material and cost of manufacture of the oil and quantities available 
all intervene. 

By hydrogenation a new market may be found for oils of this type, 
e.g. in candle-n\aking or even for edible purposes. 

Para Bubber-seed Cake : Cattle and Sheep Feeding Trials . — 
The first consignment of cake from Eangoon used in feeding trials 
was abnormal, as it contained about 18 per cent, of fat, whereas not 
more than 6 to 9 per cent, would be normally present in the cake from 
well-expressed seeds. In the second series of experiments a cake of 
more normal composition was used. In the first trials, which were 
on a snjiall scale only, t^ie cake was fed to cows ; most of them ate the 
cake readily after it w^as moistened with water. {N.B . — It is dry and 
powdery in the natural state.) No abnormal results were obtained. 

Similar results were obtained in the case of sheep, which did not 
like the cake fed alone, but ate it mixed with other foods. In the 
second series, H tons of cake from kernels obtained from Ceylon were 
used. The cake used is stated to resemble a normal market product, 
and to be comparable with linseed cake used in England. The 
following results were obtained from these feeding trials 

Sheep.— A group of animals accustomed to trough feeding were 
Used, and' the smallest admixture of Par4-seed cake in other con- 
centrated food was detected by them and left uneaten, even when the 
total food supplied over a fortnight was reduced below the ration 
necessary for maintenance. All attempts at feeding sheep with the 
cake failed. 

Young Cattle . — These ate the cake readily, but when the quantity 
was increased to 8 lb. per head daily, scouring occurred, and even. 

5 lb. per day with 5fi lb. of fhangold produced slight laxative effects, 
ihirther experiments confirmed these results, and the cake should n6t, 
therefore, be fed ^n larger quantities than this latter amount. The 
beef from two of these battle, subsequently slaughtered, after having 
been fed with Parji-seed cake at the rate of 6 lb. per day for 10 , 
, weeks, was reported upon very favourably. 

Dairy Cows . — Six barren cows were taken for this trial and were 
fed Tjith increasing quantities of Pard rubber-seed cake up to 14 lb. 
^•at the end*of a week, this being the only concentrated food given, 

^; No cnar^ge was observed in the excreta after continuing the trial for 
6* days. The yield of milk rose, as the food was richer than thalT 
Wrmally fed, but the percentage of milk fat was unchanged. Butter . 
irtfcade^ from the milk was normal. The conclusion is drawn that 
4airy cows may be safely fed with Para-seed cake. 
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Full-grown Fattening Cattle . — The dairy cows used in the previous 
trial were 'fattened while in milk, the amount of cake fed being re- 
duced from 14 lb. to 8,1b. with the addition of 4 lb. of otljer cake. 
The cows remained healthy and gave a high milk yield, till they were 
intentionally dried off in month before sale for slaughter. The increase 
per day in live weight over a period of 9 weeks was 1’7 lb. per cow. 
From these experiments the cake appears to be an excellent fatten- 
ing food for cows, and its value as a cattle food has been proved. 

TABLE SHOWING THE CHEMICAL COMPOSITION OF THE CAKE 
USED IN THE TWO TRIALS IN COMPARISON WITH LINSEED 
CAKE. 




Tiira-seed ('uk(‘ ! Paru-seed C^ake 
(Abnormal 1 (Normal 

Siim])le). , 8ain])lc.) 

Linseed Cake. 

Moisture 


0-01 

8-75 

11-0 

Crude proteins 

Consisting of— 



30-19 

29-5 

True proteins .... 

\ 

27 -OS 

24-85 

— 

Other nitrogeneous substances 

i 

2*90 

5-34 

— 

Fat 


17-08 

" 8-71 

9-50 

Carbohydrates (starch, etc.) . 


36-97 

41-71 

35-54 

Fibre 


4-82 

5-01 

9-10 

Ash 


4-09 , ; 

5-(;o 

5-20 

Nutrient ratio .... 


— ' i 

1-20 

1-20 

Food units .... 


1 

139 

1 

138 


The close agreement between the normal cake and linseed cake is 
very marked. A small quantity of cyanogenetic glucoside was present, 
yielding approximately 0 02 per cent, prussic acid— a negligible 
quantity. 

Perilla Oil is crushed or extracted from the kernel or almond 
of the seed of a plant belonging to the Labiata*, Perilla OcymoideSf 
which grows in Japan, China, and iLdia. The fresh oil is pale 
yellow in colour and tastes and smells like linseed oil. In a very old 
acid oil Meister found the colour to be very bro^n and the smell 
fishy. The oil is used in Japan for the same purpose as wood and in 
the Himalayas as an edible oil. The acclimatisation of the plant in 
Europe has hitherto been impeded by the fact that^ the oil is only 
exported to Europe in small quantities. In Japan the average annual 
crop of perilla seed is approximately 1,000,000 ken (1,330,00(\ lb.). 
1,283,662 U.S. gallons of perilla oil worth $691,742, and 930,463, value 
$486,894, were produced in Japan in 1912 and 1913 respectively. * 
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PHYSICAL AND CHEMICAL CONSTANTS OF I’ERTLLA OIL, 


(. 


Ob'^erveih • 

1 







Tsiiiiiatsu. 



! Moistfi, 

! 

... 



Specific gravity 

0-U80(; D- 

;• ; o-‘jsi 

0-937 

930-8 to 931 -Oft 

Refractive index 

__ 

1 

1-4780, 

1-4822 to 1-4855 

Acid number . 

0-1) 

j 

4-3 1 

0-84G , 

f)-57 

Saponification number . 

' IHU-b 

' 1W2-1 

193-4 1 

189-07 „ 

193-88 

Iodine number 

20lrl 

1U4-7 

193-3 ! 

187-48 , 

202-45 

Fatty acids— 



1 



Melting-point . 

i - ,V- (’. 

, -4’C. 

1 



Acid number . 

i i;)7-7 

■ Jh7-1 

( 1 



Mean molecular weight . 

1 2H4 

284 




Iodine number . 

i 2i0'(; 

' i!)S-2 








, _ i - 

1 ’ 

— 

— 


Tht; iodine value ^ireri by Wijs for Perilla oil Ik the highest of any 
oil, the iodine value of which has hitherto been determined. Meister 
found his low absorption both by the Wijs and the Waller method, 
and ascribes such low results as being due to the age of his sample 
with an average Hehner number of 95. The calculated iodine number 
of the fatty acids in Wijs’ sample should have been 217, and in 
Meister’s sample 205 ; that in both values lower than those calculated 
can be readily understood. 

In harmony with the lower iodine number is the fact that the 
melting-point of the mixed fatty acids is the lowest of any oil hitherto 
determined. It arises from an abnormal small content of saturated, 
i.e. solid, fatty acids. Fahrion not being satisfied with either Wijs or 
Meister’s figures, and having a small quantity of Perilla seed at his 
disposal, extracted the oil with petroleum ether. The yield was 36 
per cent., which agreed very well with Wijs’ figures of 35'8. The 
seed was apparently pretty old. The iodine number of the oil was 
only 192-4. The separated fatty acids were completely fluid at 
summer temperature, but at 0^ C. some crystalline fatty acids* 
separated. From the high iodine value of Perilla oil we would 
naturally look fof a moj-e rapid drjdng oil than linseed oil. On this 
point Weger gives oxygen absorption numbers of 18-3 and 20'9, 
and does not ^regard these figures as small. He found Perilla oil 
showed a sort of* inertia on glass plates, and tended to run into drops 
like quicksilver, so that it is difficult to obtain a uniform surface. 
Meister gives the following figures : A normal film in 6 to 8 days 
qind a thin film 0’5 mg. per sq. cm. in 2 to 3 days, but not uniformly. 
Lately it has been stated that rapid heating to 250° C. completely 
solidifies it. Thickened Perilla oil dries off uniformly, a|nd when 
bpiled dries more rapidly than a similarly boiled linsee^ oil, as 
Sio\fn in^the following table 
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TABLE SHOWING THE DRYING PROPERTIES OF RAW PERILLA AI^ 
BOILEri PERILLA OIL AS COMPARED WITH RAW AND BOILED 
LINSEED OIL. ^ 



Time of Drying, 

Oxygen 

* 

Honrs. 

Absorption. 

Linseed oil, raw 

Perilla „ „ 0*8 mg. per sq. cm. 

0-5 

,, ,, heated to 250° C. ... 

,, ,, ,, 7 hours to 250° C. . 

,, boiled oil, 3p er cent, of PbMnR dis-\ 
solved at 150° C. . . . j 

90 

144 

60 

04 

48 

C i 

19*3 

18*3 

21*2 

18*3 

13.4 

21*8 

Boiled linseed oil, 3 per cent. PbMnR dis-\ 
solved at 150° C. . . , . . j 

10 

15*1 


Perilla oil is obtained from Perilla Nankinensis.” Two lots of 
this seed were imported, and one lot of 66^ lb. on being pressed 
yielded 25 gallons of oil, which it was intended should be distributed 
among the members of the committee on testing paint vehicles of the 
American Society for Testing Materials. The seed contained 33 per 
cent, of oil. Analyses of the press-cakes and oik are given below 


Nitrogen 5*28 

Phosphoric acid 2’58 

SodaNasO 0-56 

Potash KoO i'Sb 


A Perilla oil boiled with 5 per cent, of above driers dried readily 
in 4^ hours, whereas boiled linseed oil takes 6 hours. From the 
published figures the oxygen absorption of Perilla oil sinks during oil- 
boiling; according to Meister, the maximum oxygen absorption of 
pure Perilla oil averages 25 per cent. The oil heated to 270° C. has “ 
been found to bleach pale yellow and does not darken in colour, ll 
bleaches very rapidly with fuller’s-earth. Thickened Perilla oil is 
used for the same purposes as thickened, linseed oil, and is utilised 
•4or the manufacture of printing-ink vehicles. Perilla oil will form a 
very good substitute fpr linseed oil when it is available in suitable 
quantities on the market, and at a fair price. , ' 

Poppy-seed Oil — Poppy-seed oil, so highly esteemed by artists, 
is obtained by crushing the seeds of the poppy (Papaver sornjiiferwm), 
indigenous to the Eastern Mediterannean countries, but cultivated 
generally all over the world, partly for opium, partly for the oil in the 
seeds. The chief producing countries are China, India, Persia,^ Asia 
Minor, Egypt, Algeria. There are tv^o varieties of the poppy : Papaver 
^albunif D.C., with white seeds, and Papaver nigrum, D.C., with black 
seeds. Levant seeds are white, grey, blue, or red. Indian seeds are 
almost always white. ^ , 

Gold-pressed poppy-seed oil has a mild, pleasant smell, it does not. 
readily raneidify; the brown (ruddy) oil, on the other Jiaad, ba»aA' 
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• abrid unpleasant taste, and its smell recalls linseed oil. ^ The» white 
poppy-seed oil of the first pressure is much used as an edible oil, 
’•^either as it is— some persons prefer it to oliv^ oil owing to its neutral 
tafete — or in admixture with olive oil. It is also used in pharmacy , 
in the preparation of emulsions. Second pi^essed oils are of a more 
or less dark brown colour, which hardly allows of their being utilised 
as* edible oils. However, it is possible by appropriate treatment to 
give them the yellow colour of first pressure oils. Germany imported, 
prior to the war, 30,000 tons of poppy-seed ; her own production, it 
was acknowledged, did not equal one-tenth of that amount. 


(a) 



Fig. 108.— White poppy-seed : (a) 
natural si^e, (6) enlarged. 


The white poppy yields the best oil, and is the seed used for 
medicinal purposes. The black poppy is the variety most extensively 
cultivated, as an oil producer being the most profitable. The yield of 
fatty oil has been said to be about the same in both varieties, viz. 
about 60 per cent. According to 8acc the poppy-seed contains ; — 

TABLE SHOWING THE J'ERCENTAGE COMPOSITION OF POPPY- 


Oil 

(SACC.) 

Per Cent. 

. 64*01 

Protein . ^ . 


. 23*26 

Albumenoids . « . . 


. 12*00 

Cellulose 


. G'OO 

Ash 

• 


. 2 to 3 

TABLE SHOWING THE PERCENTAGE COMPOSITION OF POPPY- 

SEED. (LEATHER.) 

Nitrdfeen . . . , 

Per Cent. 

. 2*67 

Albumenoid nitrogen 

i 

, 2*84 

li|oiature 

.1 

. 4*00 

Oil 

.1 

. 48*95 

Sand ' . - . 

1 

• • * • *1 

. 2*97 

1 Albibtnenoids .... 

. . . . . , 

. 17*50 

' ^olAble caTbdhydrates . 


. 16*99 

,,^oodyfibre ..... 

. . . . . 

. ; 5*09 

i , ^ubie^!*nineral mat^r . ... 


• 0*30 
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The commercial yield of the seed when crushed oscillates between 
36 and 40 per cent., and according to Renard between 37 and 39 per 
cent, in the oil-crushing 'mills of Northern France. The oil i^ filtered 
before marketing. Poppy-seed does not contain morphine as alleged. 

Extraction . — The i^oppy heads are opened after being partially 
dried, and their contents discharged on to an iron plate; they are 
then winnowed to remove fragments of the capsule, and afterwards 
ground to meal, which is packed in bags made of canvas and pressed, 
the oil being caught in tubs, wdiere it is left to settle and thoroughly 
clarify. Two kinds of oil are on the French market' : 1. The white 
salad oil, the oil fi’om the first pressing of the best quality seeds. 
This very superior oil is also used in the maiiufactui’e of very high- 
class paints, such as are used by artists. This oil is almost colourless, 
or of a very pale golden-yellow. 2. The second quality of poppy-seed 
oil is used as an edible oil, in paint, and for other technical purposes 
it is the result of the second cold pressing. Ijikewise it is the result 
of pressing inferior seed. 3. By hot pressing a much inferior oil 
is got, only fit for soap-making. Popp^-seed oil is sometimes ob- 
tained by heating the seed, and mixing the products of two successive 
pressings In India the first pressing is done cold and the second 
pressing is done hot, so that expressed oil is intended in India for use 
in industry-, rather than as an edible oil. 

French Poppy 01 1 a . — There are two chief classes of poppy oil used 
in France, that made from home-grown seed being termed oeillette, 
whilst that from imported sjed is known as pavot. As the foimer is 
the more expensive, it is desii’able to be able to differentiate between 
them; and for this purpose Vuaflart gives the following ; Density^ 
oeillette oil, 0*924 to 0*960, pavot oil, 0*923; iodine value, 133*1, 
132*3 ; saponification value, 192, 195 ; oleorefractometer index, 
26*6, 25*3 ; butyrorefractometer index at 25° C. 72*5 to 73, 71*5 to 72. 
There is a slight difference in flavour, the oeillette oil producing the 
impression of greater viscosity, though this is not borne out by the 
viscometer test. The greater thickness, however, is manifested by 
the capacity of forming a persistent froth when agitated, the fine air 
bubbles remaining imprisoned in the oil and rendering it opaque ; 
whereas pavot oil under the same treatment remaflis clear and the 
air bubbles are larger. Frothing also occurs w*hen air is blown 
through oeillette oil, but not with pavot oil. Oeillettq oil, also, has 
a fine yellow colour, darker than that of pavot oil. The two may be 
equalised in this respect by treating the latter with a neutral chromate 
of potash and a trace of fuchsin. The artificial colouring^ however, 
may be detected by the red coloration given with hydrochloric acid 
%^d it is evident that a sample responding to this test, whilst re- 
sembling oeillette oil in colour, must be pavot oil, provided it ex- 
hibits the characteristics common to both. ^ 

The Drying Properties of Poppyseed Oil . — Looking to^its Hno- 
lenic acid content, the rate of drying of poppy-seed oil is not so rapid 
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as one would wish. It takes 6 to 8 days to dry. Cloez fouftd in his 
oxidation experiments with thick films that the oxygen absorption of 
poppy-s6ed oil was the same as that of linseed oil, viz. 7*0 per cent. 
Mulder obtained a higher absorption than this for linseed oil. During 
his experiments on the plate, he reduced the t3iickness of the coating 
to 15 mg. per sq. cm. and the weight of the inner half increased 12*2 
per cent, in 30 days. With two experiments in direct sunlight, with 
films of 3*2 to 4*2 mg. per sq. cm., he only found 4*3 and 7*6 per 
cent., and these were maximum figures as there was no increase from 
the 3rd to the k5th day. The oxygen absorption of poppy-seed oil is 
naturally smaller than that of linseed oil. Weger found 13*4 in 6-^ 
days. J. Petrotf made some experiments on the drying of poppy- 
seed boiled oil. He dissolved 2 per cent, respectively of (a) man- 
ganese rosinate and {!>) manganese linoleate, in one experiment in 
the raw poppy-seed oil, and in the other, in poppy-seed oil blown for 
a long time between 200'" and 250" C. {302'" to 482" F.), so as to obtain 
a very thick oil. found the oils took the following times to 
dry 


Haw poppy-8P£i oil 

,. ,, ,, with 2 per cent. MnH 

„ „ „ MuL 

Hlown poppy-sccd oil, witli 2 per cent, RInH 
„ ■ 2 „ MnL 


8 days 
25 liours 
34 „ 

„ 

34 


The ‘thickness of the film was 3 mg. per sq. cm., so the tig 
drying was unduly long. 

The phenomena incidental to autoxidation are not n||p so 
strongly in evidence in the case of poppy-seed oil as in the ca e of 
linseed oil. This is home out b) the elementary composition of 
poppy-seed oil, given in the special literature on the subject. 



Autlioi. 

- - » - — 

Carlion, 
jM'V (Vnl. 

! 

Hyilrogon, i Oxygen, 
jiier Cent. | per Cent. 

Sacc 


IM) 11*8 

Lefort 

77-2 

11-4 i 11-4 

Cloe/i . . • . 

77-5 

11-4 ; 11*1 

Mulder 

1 7(1*0 

1 

11-2 j 12-2 

_ - — ... - - — - 

l_ 

_ ' 


Completely Hry poppy-seed oil cedes to ether about 20 per cent., 
dried linseed oil 27*5 to 28*6 per cent., from which Mulder inferred 
thaf popp^’-seed oil contained more oleic acid, but this does not agree 
.with his subsequent calculation^, where he only estimattes the oleic 
acid as 8 per cent, of the dried portion of poppy-seed c il which he 
identified with linoxin. , ^ 

Hazura and Prussner obtained from 100 grammes W fluid pa- 
pav^ric acid 8*5 grammes of dioxystearic acid, 18*5 »ammes of 
sativio acid, 0*3 gramme of linusic and isolinusic acid.^ However, 
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they aft^wards gave the unsaturated fatty acids of poppy-seed oi^ 
as:—* • , 

0 

TABLE SHOWING THif PERCENTAGE COMPOSITION OP THE UN- 
SATURATED PATTY ACIDS OP POPPY-SEED OIL. 

^ Per Cent. 

Oleic acid . 

Linoleic acid • • 65'00 

Linolenic acid 

100-00 ' 


All the above data requires conlirmation, as well as Tolman and 
Munson’s figures. Lately, some light has been thrown on the 
linolenic acid content of poppy-seed oil and linseed oil as established 
by Mulder by the fact which has been definitely established, viz. 
that poppy-seed oil has no hexabromide value. 

Behaviour of Poppyseed Oil on Storing with Access of Air. 
Sherman and Falk exposed poppy-seed oil to th,e air in an open 
vessel protected from dust, and frequently shaken for several months. 
The following alteration in the constants took place : — 


TABLE SHOWING THE ALTERATION IN THE CHEMICAL AND 
PHYSICAL CONSTANTS OF POPPY-SEED OIL AFTER EXPOSURE 
TO AIR IN BULK. 

-- - - ^ 

if 15*5' ('. ' Ai iil Value, i lodii^ Value. 


Beginniug 

End. 


0-9H0 


5-5 

7-2 


126-3 

117-1 


The differences between the autoxidation, as shown by the specific 
gravity, and the iodine value of the oxidised substance are abnormallj 
small. 

Poppy-seed oil is stated by various authorities to become verj 
rancid. According to Utz, however, it becomes less rancid thai 
sesame oil, and that, he asserts, is the reason that ciil crushers regu- 
larly mix sesame oil with poppy-seed. Moreover, poppy-seed oil if 
said to split up into fatty acid and glycerine very readily. Nord; 
lenger found in expressed edible poppy-seed oil up to 5'6 per cent, 
and in expressed technical oil up to 18'8per cent.; in poppy-seet 
cakes, 3;7 to 6*8 per cent, of oil was found with an acid value ^ 
86 to 140*4. Without doubt these poppy-seed cakes had under^on 
internal autoxidation. ' , 

^ Pappy-seed oil is often spoiled by sesame oil, the accident^ 
presence of which may be due to the fact that the poppy-seedd 
crushed in oil mills which are crushing sesame^-seed at the saihe 
Spmetipies the presence of extraneous oils is due |o wilful additi^ 
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fojr cotton-seed oil, earth-nut oil, and linseed oil may be detected. 
There is no official method for the analysis of poppy-seed ofl, not 
even in^France. The first effort should be, to detect any artificial 
coloration -which might react on the reagents to be used to detect 
foreign oils by coloured reactions, and morj particularly on those 
of sesame' oil. In the absence of such artificial colours or after their 
elimination, cotton-seed and sesame oils are detected by the usual 
methods, i.e. by the Bellier and Villavecchia tests, after previous 
purification as advised by Marcelle and by Tocher for sesame oil, 
Halphen’s test for cotton and earth-nut by the detection, and if need be 
the estimation, of arachidic acid. But some circumspection must be 
brought to bear in the detection of sesame oil. The first signs should 
be controlled by the use in succession of the different coloured re- 
actions of sesame oil. The detection of sesame oil based on the 
determination of the iodine value is quite illusory. In the preced- 
ing tables it will be seen that the iodine value of these oils varies 
between 131 and HO^with an average of 136, say a difference of 7 
units. The iodine value of sesame oil being 105 the substitution of 
100^ would produce a lowering of 31 units, say 0-31 for 1 per cent of 
sesame oil. It follows that in adding to a poppy oil, the iodine value 
of which is 140, 25 per cent, of oil of sesame, its iodine value would 
be lowered to the normal figure of 133. Consequently a fraud of 25 
per cent, would escape the analyst. The detection of cotton-seed oil 
presents no difficulty, affd the examination for earth-nut by the 
preseqpe of arachidic acid is simplified by the fact that tests on 
poppy^seed oil give no arachidic acid. Linseed oil may be detected 
by the method given under walnut oil. Poppy-seed oil yields no 
insoluble derivatives. 

Poppy-seed oil contains amongst its solid fatty acids both stearic 
and palmitic acid, and according to Mulder both lauric and myristic 
acids. So as to prepare the solid fatty acids, Mulder kept the 
alcoholic solution of the saturated fatty acids for a long time in the 
cold of winter, and found 13’7 per cent, separated out. On various 
grounds Mulder regarded fbis figure as far too low, and estimated the 
saturated fatty acids at 20 per cent. On fractional crystallisation “ 
of the solid fatly acids from alcohol, myristic acid, Ci^HjgOg, with 
a melting-point of 53*2* C., is isolated, and lauric acid, CJ 2 H 24 OJJ, with 
a melting-point of 46° C. Stearic acid is not found, but a small 
amount of p&lmitic acid, with a melting-point of 62° C., is obtained 
after some time. At the present time it is believed that all the‘ 
satArated fatty acids consist of palmitic acid, and that it is present to 
the extent of 6*7 per cent, as determined by Tolman and Munson, 
froih the iodine values of the salts soluble in ether, and insoluble 
Ifcherein. Fluid papaveric acid behaves, according to Mulder, like 
a mixture of oleic and linoleic acids, but unlike linoleic acid H 
%)ei not become red in therair. The dry distillation results of poppy-» 
seed oil*differ from those of linseed oil, and the distillation residue 
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did not i^main a thin fluid like the anhydride of linoleic acid. Lead 
papaf eratc diffused through ether, and when oxidised did not become 
red like lead linoxate ; such gave on analysis strong indications of 
containing much less oxygen. Mulder explained that this was due 
to its containing rauch basic lead linoxate, whilst only the basic lead 
linoleate is soluble in ether. 

Rakusin gives the flash-point of poppy-seed oil as 250' C. (482'’ F). 
Some sorts of poppy-seed oil are optically inactive whilst others are 
slightly dextro-rotary, up to + 0*17'’. Crossley and Le Soeur have 
given -h 4°, whilst Utz gives pure poppy-seed oil as optically inactive. 
Several authorities found iodine values between 130 and 140. 
Higher values of 140 to 160 were found by Utz, who asserts that the 
poppy-seed oil on the market contains as much as 40 per cent, of 
sesame oil. Utz extracted Indian, Levantine, and German poppy- 
seed with petroleum ether, and found the iodine values of the oils so 
obtained to be 153-5, 157-5, and 156-9. Later on, he found two 
commercial oils which only gave a slight sesame reaction, with 
iodine values between 150-6 and 151-6. Tolman and Munson for oil 
cold pressed from pure poppy-seed found iodine values of 133-2 and 
134-9. For the inner iodine value the} found 151-7, whilst Toutelli 
and Ruggeri found 149-6. As sesame oil has only an iodine value of 
103 to 112, it naturally lowers that of poppy-seed oil. Moreover, 
the refraction is also lowered. Poppy-seed oil has a refraction of 
78*1 to 78*4, whilst sesame oil is only 73 at 15^^ C. Finally^ sesame 
oil is optically active. , 

The following table is due to Yuaflai-d, from which he concludes 
that poppy-seed oil, pavot, and oeillette are about similai': — 


TABLE SHOWING THE CONSTANTS OF OEILLETTE AND PAVOT 
OILS. (VUAFL.^ltD.) 



Oeillette. 

Ooppy-seed, 

Pavdt. 


1 1 ‘ 

1 

2 

Density at 15'’ C. . 

. ' 0'92(‘. 0-924 , 

0-923 

132-3 

0-923 

Iodine value .... 

. u«-i . - 

— 

Saponification value . 

19:2 

191 -5 

— 

Oleorefractoraeter degree 

. . 1 520*0 — 

1 

25-3 



By applying Bellier and Villavecchia's reagents to the samples 
of poppy-seed oil, the chief “ constants of which are given,” Rfcyer 
remarks: “From experiments undertaken by himself in ‘"extracting 
Indian poppy-seed and indigenous poppy-seed it follows that in no case 
dC the products so prepared respond to the reactions of sesame oil with 
Bellier and Villavecchia's reagent. The same was the case with oils 
extracted by the hydraulic press. However, oil extracted from Indiai 
seed yielded, with Bellier’s reaction*, a very weak green cSloration. 



* DEYING OILS ‘OTHEE THAN LINSEED OIL. 446 

!hose oils, responding to the sesame oil reaction, all came from oil mills 
^hich were crushing sesame, or pavot, at the same time, i^hich may 
iad one^to suppose that these samples werfi not perfectly pure. If 
/e admit that this phenomenon is due to these oils containing a trace 
f sesame oil owing to the two seeds bein^ crushed in oil mills 
rushing both seeds simultaneously, then the same reaction ought to 
ccur with - first crushed oil from the same cfil mills. Now the latter 

0 not give any coloration. A decision on this point may, therefore, 
e suspended.” Koyer also lound that Bellier's green colora- 
ion is only giv^n by Indian oils, second crushed country oeillette 
ils do not generally respond, and moreover, purified oils respond far 
lore readily to the test. “ The tendency to yield the green coloration 

1 oils loaded with impurities is masked by others.” This explana- 
ion, if primd facie satisfactory, does not show why first crushed oils, 
nly slightly charged with impurities, do not give the green colour, 
loyer sums up his examination thus ; Of the twenty-four samples 
f oil ejlamined, ten responded to Bcllier s test by giving a more or less 
ccentuated hut very decided green coloration, five gave a greenish- 
ellow coloration, seven a yellow or orange coloration, and two a non- 
escript colour. If these two he calculated as giving a green colora- 
ion on refining, we get a total of twelve samples, 50 per cent., 
esponding to the sesame oil test, 20 per cent, doubtful, and 30 per 
ent. behaving normally with Villavecchia’s and Fabris’ reaction, 
lixteen samples, say 66 per cent., gave a rose or red reaction. Thus 
he use of Bellier’s reagent to detect sesame oil seems more reliable 
ban tfiat of Villavecchia and Fabris. It cannot fail to be observed 
hat out of fourteen samples of indigenous oils, eight did not in any 
my respond to either of these reagents or gave a weak response to 
he Villavecchia and Fabris test, but unconfirmed by Bellier’s reagent 
No. 1), or conversely the more decided response to this test as 
egards 4 and 5 is decidedly not confirmed by the Bellier test. 
Ihere are, therefore, eleven oils which present themselves normally, 
r almost normal, as of the two exceptions one oil is a chemically 
reated oil No. 1, one the aflioraaly of which is indicated by a brown 
oloration, with the Bellier test No. 2, another purified by a secret 
irocess, all of wjjich leads to the belief that these tests may he utilised 
or the examination of Country oeillette oil. 


P(JPPY-SEEI) OIL. FATTY ACIDS. 


I 

• 

Bei)e<Ukt 
aud Clzer. 

Be Negri 
and Fabris. 

Hubl. 

Thorner. 

Melting-point, ” C. . 

• 

20*21 

20'5 

20*6 

Solidification-point . 

— 

— 

lG-5 

16*5 • 

Saponification value 

— 

— 

— 

' 199 

Mean molecular weight . 

279*1 

— 

— 

— 

Iodine value .... 

— 

139 

— ' 

116*3 

Acetyl •,) . 

13*1 
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TABLE SHOWING THE SPECIFIC GRAVITY, - REFRACTIVE, INPEX, 
IODINE VALUE OF FRENCH (OEILLETTE) AND INI^AN PpPPY-v 
SEED OIL. (ROYER.) . * 


• < ^ ± 



Density 

at 

1.5" C. 

(Zeiss), 
Refraction 
at 25" C. 

Iodine 

Value. 

Bellier’s 

Colour of tlie 
Acid. 

Reaction 
• Colour 
of the Oil. 

Villavec'chia 
and Fabris’ 
Reagent. 

1 

0.924 

72-0 

132-9 

Yellowish-white 

Violet 

Rose * 

2 

0-9258 

71-7 

135-0 

Green 

Dark brown 

Red 

3 

0.924 

72-3 

135-3 


Violet 


E 

0-9243 

T2-6 

136-1 




R 

0-928 

72-3 

134-1 

Pale green 

Brown 

Rose 

0 

0-9257 

72-r. 

137-2 

Greeuish-yellow 

Salmon 

P 

0-9257 

72-1 

137-2 

Yellow 

Violet 

Colourless 

4 

0-9239 

72-3 

132-1 

„ 



5 

0-9242 

72-0 

130-7 

Greenish- j'cllow 


Red 

G 

0-9249 

72-7 

137 -H 

Greenish -white 


Colourless 

. 7 

0-9245 

72-8 

138*5 

1 Yellow 

1 


8 

0-9240 

I 72-5 

186-8 

j Orange ^ 


J ^ 

A 

0-9250 

72-3 

135-2 




B 

0-9245 

72-G 

• 136-0 

1 Greenish-yellow 



C 

0-9244 

72-5 

135-0 

j Pale green 


Rose 

D 

0-9243 

72-3 

134-9 

1 



L* 

0-9240 

72-4 

136-3 




M 

0-92G0 

71-2 

129-8 

i V 

! ? 

Red 

9 

0-9239 

72-4 • 

135-8 

1 Greenish-yellow 

1 Violet 

Rose 

'10 

0-924 

72-2 

134-2 

1 Pale green 



11 

0-924 

72-4 

135-5 

Green 



12 

0-9241 

71-4 

134-9 

1 ,, 


Red 

18 

0-9242 

72-5 

13^-6 

j Pale green 



-14 

0-9245 

• 

71-5 

1 

133-5 

1 

i 

- 


Samples Nos. 1 to G are Du Nord oeillette (1 cold pressed, 2 hot pressed, 
3 hot pressed/ and refined). E, First pressure cold. K, Second pressure hot. 
p, Country pure Cassel. P, Ditto. 4, Cannes. 5, Marseilles. 6, Country 
oeillette seed. 7, Country oeillette, the two pressures mixed. 8, Country 
oeillette seed. B, Ditto. C, Exotic oeillette. D, Ditto. L, oeillette, first 
pressed Levant. M, Second pressed Levant. 9, Oeillette exotic, first pressed 
Indian. 10, Second pressed, ditto, Indian poppy. 

h 

Pumpkin-seed decorticated seeds of Cuc 2 irbita pepb 

yield by expression or extraction by solvents an oil-pumpkin-seed 
oil — which is ejtensively used as an edible oil (ranking next to 
olive oil) ; it is also used as an illuminant. The ether-extracted 
oil is used as a vermifuge. The cold-expressed oil is brownish- 
green ‘ and visoQus, the extracted oil is redder. According to Poda 
OxproBsion in the cold is the general process of manufacture, but 
6rajbam states that most of the oil on the market is extracted 
Solvents, ^d that the expressed oil is more rare on the market and 
^preciably higher in price, tlraham attributes to the different 
inethods used to obtain the oil the variations in the chemical ai^ 
! physical properties of different samples of the oil. The oil is freelj 
?'&lu^e in ether, carbon disulphide, and in twenty times its volum< 
;:^f ; aSedut6 alcohol It is endowed with appreciable drying {)roj^erties 
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Exposed to the air for a time it forms a transparent yellowish mass. 
Its viscosity is high but not so high as olive oil. With the elaidin 
test it thickens slightly If 24 to 28 hours, becoming dark reddish-brown. 
Poda determined the Index of refraction of fourteen samples of the 
oil. His readings varied from 70 to 72’5. 

Senat Seeds. — A dumber of samples of the seeds of Cucurbita 
Melo, var. agrestis, were received from the Sudan. The forms of this 
plant represented in the present series included those known locally 
as “ Senat,” " Hameid,” “ Fagus,” and “ Tibish The seeds yielded 
from 29'5 to 36*5 per cent, of a pale yellow liquid oil, which was free from 
smell and taste and would be suitable for edible purposes. These 
seeds are stated to be fairly abundant in the Sudan and a small ex- 
port trade in them has already been developed. 

Pumpkin seeds consist on the average of 76-| per cent, kernel 
and 23| per cent, shell. The shell is yellowish, and the kernel is 
covered with a green skin. Tne whole seed gives on extraction about 
37 per cent, of oil, the kernel alone about 48 per cent. In getting 
the oil by hot pressing about 10 per cent, of ^ remains in the press- 
cakes. The oil has a reddish-green colour and is very difficult to 
bleach. Sulphuric and sulphurous acids, as well as chlorine, and 
ozone, had practically no effect upon the colour, which can, however, 
be reduced to a pale yellow by repeated treatment with caustic soda 
lye, although with considerable loss by saponification. The books 
give the percentage of oil at 20 to 25 per cent. only. The figures 
come, however, from Hungary, where the oil is extracted m a very 
wasteful and primitive manner. < 

Graham’s estimate that the seeds of the pumpkin contain 25 per 
cent, of oil is inaccurate. Di*. Strauss obtained 37 per cent, from 
the whole seed, and 47 per cent, from the husked seed, by the 
extraction process. Pressure, of course, gives less. After one press- 
ing at 80° to 90° C., 10 to 11 per cent, of the 37 per cent, remams 
in the cake. The oil has a deep reddish-green colour, and is very 
difficult to bleach. Caustic soda is the only substance that lessens 
the colour much, and it causes a good deii of loss by saponification. 
The oil extracted by ether gave an iodine number of 120*5, while that 
got by means of benzole or petroleum ether had an iodine number 
varying from llfi'5 to 117*2. , ^ 

Grimm (C.) gives the following constants : specific gravity at 15° 
C., 0*9286 ; solidification-point, - 8° to - 10° C. ; refractive index at * 
15° C., 1*4805; acid value, 1*24; saponification value, 194*8; iodine 
ralue, 134*8 ; insoluble fatty acids, 94*8 per cent. 

Robinia Oil (the so-called white acacia oil of the lat^ Dr. Lew- 
lowitsch, the Weiss Akazienol of thft Germans) is not the product of 
lit acacia tree at all but of the Robinia pseudo acacia, a plant helong- 
ng to the Jasmine family, but which the late Dr. Lewkowitsch con- 
used with the yellow acacia, a true acacia, Caragenia arborescent 
)elonging to the family of Legumenos, q.v. The author of thjs treatise 
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cannot understand how palpable bungles like these can be perpetuated 
in a. twentieth-century work pt!blisbed in England, seeing that the 
Bohinia has been an ornamental tree grown in the demesnes of nohie- 
men and gentlemen in England for a couple of centuries at least. A 
^ery excellent monograph on the Bohinia of over 400 pages was com- 
pilei as fg.r back as about 1820, from which it appears that the Bohinia 
VOL. I. ' 29 
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affords an excellent timber. It is most reprehensible that those in- 
terested in ( drying oils should have the false idea conveyed to them 
that this so-called whiter acacia, whose distribution is world-wide, 
should have its habitat so erroneously confined to South Eussia. 

Wild Safflower -seed Oil. — From this title it will be at once 
seen that there is a cultivated variety of safflower, the seed of which 
also yields oil, but that oil is described separately (pp. 451-453). Wild 
safflower-seed is the product of the Carthamus oxycaniha, a native of 
arid tracts of land in North India. Let it be well understood that it 
has nothing to do with saffron (Cromis Sativus). It is especially 
abundant in Peshawar, where the spinose clumps are an objectionable 
feature of the grassy tracts. Where the plant is fairly abundant the 
seeds (fruits) are collected for their oil, which is the chief ingredient 
in Afridi waxcloth. Crosslev and Le Soeur examined a sample of 

this oil, D = 0*927; acid value, 3*66; Hehner value, 95*44; 

lo*o 0. 

saponification value, 189*4 ; iodine value, 135*49 ; refractive index at 
40° C., 68*2. Wild safflower-seed oil is extracted from the Carthamus 
oxycaniha by a cold process. It is then run into earthen vessels 
and “ boiled ” continuously for 12 hours. The vessels in which ‘the 
oil is boiled are so fixed that a flame cannot reach the boiling oil, 
and the temperature is kept low and well regulated so as to maintain 
a uniform heat. After a certain time it begins to emit volumes of 
white pungent vapour, so that wild safflower oil boilers have to con- 
duct their business under a special licence far remote from human 
habitations. When the oil has been “ boiled ” to a sufficient extent 
the still hot oil is run into large shallow trays containing water ; it 
swells up into a jelly-like substance, the roghan of North India, which 
is packed in tin cans for despatch to the manufacturers of Afridi wax- 
cloth. 

The Manufacture of Afridi Waxcloth. — In this industry the paint 
is not applied by a brush but by an iron style. The deftness, rapidity, 
and accuracy with which the pattern is elaborated from threads of 
plastic-coloured roghan must be seen to be appreciated. The skilled 
craftsman works from left to right or right to left with equal ease and 
freedom, and, as in handwriting, the thick down strokes and the fine 
hair up strokes each keep their own place in the elaboration of the 
pattern covering the fabric. When two or more colours are given 
the craftsman generally applies all the patches or lines of one colour 
before the second or third. The half-finished table-cloth or fire-screen 
may thus appear bewildering, as it may be impossible to discover^ the 
actual pattern in the mind of the craftsman. In Baroda castor oil, 
and in Each linseed oil are used tfi make the roghan used in the* 
manufacture of oilcloth in these localities. Tests made in the Cal- 
cutta Industrial Museum showed that wild safflower oil possesses 
no special advantages over the oil from the cultivated safflower# 
India exports the jute textiles used in the linoleum, and Sub George 
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. Watt urges the importance of India making her own waterproofs, 
linoleum, and waxcloth, and ceasing to paj^ tribute to tfie waxcloth 
and linoleum manufacturers of Europe, who now supply India with 
the bulk of these products made with raw materials imported from 
India. • 

Cultivated Safflower-seed Oil } — This oil is derived from the seeds 
of the cultivated safflower Carthamus tinctoria, a plant which is 
cultivated, more or less, all over India, 
sometimes for dyeing purposes, some- 
times for oil producing. Many points 
as regards its cultivation are highly 
interesting, but to enter the domain of 
Indian agriculture would carry us too 
far. So also all reference to the use 
of certain parts of the plant for dyeing 
purposes and for the manufacture of 
lakes must be rigidly excluded. The 
seed is very small, 100 of them only 
weighing to oz., and it is covered 
with a thick husk. The seeds from the 
dye-yielding plant •are collected and 
form an additional income. However, 
in some provinces, especially Bombay, 
an oil-sieed crop is specially grown. 

Safflower,” according to Mollison, “ is 
the most important oil-seed crop in the 
Bombay Presidency. The area is usu- 
ally from 500,000 to 600,000 acres annu- 
ally. The chief centres of cultivation 
are in the black rabi lands of Ahmednagar, Poona, Satara, Bijdpur 
Bharwar, and Belgaum, It is subordinate to the crops with which 
it is associated, such as jiur, wheat, or grain. It therefore partici- 
pates in the general cultivation given to these crops. Usually, 
three consecutive rows o^ safflower alternate with 9, 15, or 21 of 
the principal crop.” In the Central Provinces the area of special 
oil cultivation hts recently been greatly curtailed, so that the Deccan 
production may be accepted as alone of importance, though the oil 
of the dye crop must not be entirely ignored. Not only are there 
two distinct sdufces of the oil, but there are also two quite different 
methods of extraction. (1) The seeds are cold pressed, either before 
or ifter being decorticated. The yield is said to average 20 to 
30 per ceflt., but both the quality of the oil and the value of the 
cake depend on the seed being decorticated. The cold-drawn oil 
has a clear straw-yellow colour of specific gravity 0*9224 at 16® C. 

^ ^ Lewkowitsch gives safEron oil as a synonym for this oil, a most misleading 
thing*ta do. True safflower is occasionally termed bastard saffron^ but thai mis- 
leads no ote. * • 



Fio. lOd,— Carthamus tinctoria. 
The source of safflower-seed 
oil. 
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It possesses pronounced drying properties, readily saponifies with 
alkalies forrCiing a fairly good soap, and the free fatty acids have 
some of the characteristics of the linoleic acid obtained from linseed. 
The oilcake retains 11 -55 per cent, of the natural oil, and is not con- 
taminated with earthy iiripurity. The nitrogen amounts to 3*19 per 
cent, which is equivalent to 19*94 per cent, of albumenoids. It is an 
oil extensively used for culinary purposes, and to adulterate ghi or 
til. Moreover, safflower earth-nut and till are mixed, and the different 
seeds so mixed together crushed. The oil which exudes from this 
mixture forms the sweet oil of Bombay. Inferior grades of cold- 
crushed oil are used for illumination. 

Hot Expressed Safflower-seed Oil . — The second method of ex- 
tracting safflower-seed oil is a hot dry extraction, or rather a crude 
downward distillation. The seeds are placed within an earthen pot 
and this is inverted over the mouth of a similar pot placed within the 
ground, the two pots being separated by a perforated plate. Over 
and above the inverted pot is piled some fue\ and on this being 
ignited the seeds are partly roasted. The oil in consequence drains 
from them, and accumulates in the lower or submerged pot. The 
yield of oil in the hot extraction process is about 25 per cent, (greater 
than in the cold), but is useless both for burnirrg purposes and for 
food. It has, in fact, acquired a new property, being converted into 
a substance, very serviceable for greasing well ropes, leather well 
buckets, purposes for which the cold-drawn oil is quite unsuited. 
In other words, the oil has been converted into wha\j is known as 
roghan, a substance used to prevent leather from hardening bn its 
being exposed to the action of water, or of a damp atmosphere. The 
oil would appear to be converted into an analogue of sod oil, the so- 
called degras. 


SAFFLOWER-SEED OIL. TABLE OF CONSTANTS. 



Tem- 

pera- 

ture. 

Density. 

Hehner 

Value. 

Saponifica- 
tion ’ ’ 
Value. 

Reichert- 

Meiflzl 

Value. 

Iodine Value. 

Refractive 

Index. 

And6s 

15'^ 0. 

,0*9246-0*928 

95*4 

186*6-194 

__ '* 

127*9-149*9 

1*477 at 

CrosBley and Le 
Soeur . 

i-irc. 

0*9251-0*928 

95*3 

186*6-192*5 


129*8-149*9 

16° C. 
65*2. 
Zeiss, 

Jones 

20° C. 

0*9227 1 


194-194*8 

_ 

143-144*5 

Butyro 

refracto- 

Shukofi . . 

_ 

— 


195*4 

— 

141*6 

" meter 

Tylaikold . 

0° c. 

0*934-6 

— 1 

172 (?)-194 

0*69-0*88 

126.130 

at 40° '0. 

»» 

15-5°C.' 

i 

0*916-0*925 1 


— 



• 


The insoluble fatty acids according to And^s amounted to 95*4^ 
per cent, with the following constants 
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CONSTANTS OP FATTY ACIDS OP SAPPLO WEE-SEED, OIL. 

Specific gravity at 16° C 0^315 • 

Melting-point • . . 16° 0. to 16’5° C. 

Neutralisation value • . . 199 

Iodine value 132’5 to 148‘2 

Oil of Soja Hispida (Soja Bean). — The# Soja Ilispida is a her- 
baceous plant of the Leguminosecey indigenous to China and Japan, 
where the seeds are highly valued as an edible food. The seeds con- 
tain a large quantity of fermentable sugar, also a ferment similar in 
its properties to diastase ; the oil, present in the proportion of 14 to 
18 per cent., tan be extracted by pressure or by means of ether ; it 
possesses laxative properties, a yellowish-brown colour, and a slight 
aromatic odour. It readily solidifies, and is intermediate between 
the drying and non-drying oils. The following properties are given, 
which are confirmatory of those obtained by Stingl and Morawski 


(Chem. Zeit.y 1886, 140) 

Specific gravity at 15° 0-924: 

. Point of Bolidificaftion fatty acids 8° to 15° 

,, „ fusion 27° to 29° 

„ „ solidification 23° to 25° 

• Temperature rise . 59° 

Iodine number 121*3 

„ „ of fatty acids 122 

Saponification number 192*5 


The oil gives with Hauchecorne’s reagent a dirty white coloration 
in the i 3 old, but deep orange when heated ; with Brulle’s reagent a 
-deep grange, Eut no coloration with Bechi’s reagent, 

Chinese Bean Oil . — The technical literature of the early years of 
the present decade, when linseed oil was nearly as dear as during 
the present war, was flooded with all sorts of extravagant assertions 
as to the value of the Chinese bean oil as a drying oil. Some of 
these absurd notions — they cannot be regarded as serious proposi- 
tions—did not stop short at recommending Chinese bean oil as a 
-substitute for linseed oil. The former was alleged by men of “ light 
and leading ” to be a far superior drying oil to the latter, and this 
technical untruth was f Slowed up by a propaganda, the object of 
which was ostensibly to depreciate the long-established good qualities 
and virtues of iinseed oil as a drying oil, and to magnify in the most 
^rot?sque manner possible those of the Chinese bean oil. Linseed 
oil as a drying oil did not have a single good point I Although oiled 
silk and oilstiA garments had been worn long beyond the memory of 
man, a linseed oil film was not waterproof ; and if fishing-net buoys 
hefl for years borne the heavy deadweight of fishing nets loaded 
with tackle weighing many toi; 0 , and a catch of fish often weighing 
(tons if not hundreds of tons without additional submersion, thus 
proving that linseed oil not only gives a waterproof, but an airproof 
film when made into paint — all that counted as nothing. 

• iChinese bean*oil cannot be in any sense of the word a drying oil. t 
Ilevertfteless the iodine values of Chinese bean oil flatly contradict 
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its respon/iing to the elaidin test, which is too often performed in the 
most shp-sl^od manner conceivable. 

Bean Oil, Chinese Mod: of Preparation . — According to KorentchefT 
and Zimmernlen, an analyst and pharmacist attached to a Russian 
hospital during the Kusso-Chinese war, the first process consists in 
crushing the heans inth cake or a mass with the destruction of 
their skins. A large grindstone lies upon the ground, and upon it 
another but smaller grindstone turns on its axis, the motive power 
being the usual ox traction. In front of the smaller stone an ap- 
paratus is fitted holding a basket, out of which the beans are poured 
under the small millstone. And behind the same milestone another 
apparatus is fixed which directs the beans pressed by it into the 
centre of the larger millstone. 

In the second process the beans that have been crushed are heated 
in cloths over a stone plate until they begin to steam. The heated 
bean cake is then gathered on to iron discs, over which it is subjected 
to a very heavy pressure. The expressed oil flows into circular 
grooves that go round the frame of the press, whence it passes into 
vessels prepared for it. 

Without further manipulation the oil so expressed is often sold 
from the factories. Just, however, after it has been expressed it has a 
cloudy appearance. But, if allowed to stand, the impurity will 
settle, and a sediment will form at the bottom, leaving a fine clear 


TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OF 
FOUR DIFFERENT SAMPLES OF CHINESE BE.‘N OIL. 




Salllpll‘^. 



1 

, 

•■5 

4 

1. Colour 


All dark 

brown 


2. Consistency .... 


All 

fluid 


3. Smell, growing stronger with 

Insigni- 




heating, resembles wood oil . 

ficantly 

Notably 

c 

Slightly 

Slightly 

4. Taste recalls that of other 



vegetable oils 



— 

_ 

— 

5. Solubility in ether . 


All com 

pi etc 


6. Water content. 

P80 «/, 

0-59 % 

7o 

0-13 7„ 

7. Specific gravity at IS'" Cel. 

0-9264 

0-92''!7 

0-9270 

0-9270 

8. Solidifying-point . . . ' 

- 15° 

- 14-8° 

- 15-3° 

- 14-G° 

9. Saponification value . , ] 

; 207-9 

211-G 

208-0 

209-8 

10. Ether value . . . . j 

20G-H 

203-9 

2QG^ 

207-7 

11. Iodine „ (Hiibl). . . , 

114-8 

12G 

137-2 

130’17 

12. Fatty acid . . . . | 

94-28 7o 

94-02 7, 

93-88 7^ 

93-60 °/, 

13. Solidifying-point of fitty acids i 

+ 16-4° 

+ 1G° 

1 +17° 

+ 17-S‘.° 

14. Melting-point „ „ 

-f 20-5° 

-1-20° 

+ 21° 

+21° 

15. Maumene test .... 

104^ 

120° 

11G° 

104° 

16. Elaidin reaction 

If. Animal oil 'j 

18. Mineral „ j- . 


All 

positive 



No 

trace 


19. Metal j I 


; 



20. Acid value 



1-86 

15-46 

3-92 

3-7G 

1 
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oil. When this sediment is subjected to the microscope .it is seen 
■ to consist principally of bean refuse and a small proportjpn oi sand. ■ 
In A paper read by H. A. Gardner bef«re the Canadian Associa- 
tion 0 ^ Master Painters, he describes a whole series of experiments 
which he made to accelerate the drying of soya bean oil. This paper 
deals with the question so fully and exhaustively that it is given here 
as reproduced by the '' Oil and Colour Trades »Tournal ” : — 

“ Driers for Soya Bean Oil . — If soya oil has been classed as a semi- 
drying oil, having an iodine value of approximately 130, it is a far 
better drying^ oil than other oils of similar iodine value. It is 
especially adapted for use in the manufacture of paint, treatment 
with a small quantity of drier serving to set it up in a short time to 
a firm, elastic film. The type of drier to use with soya oil, however, 
is a matter of great importance. la the same way that lead, zinc, 
lithopone, and other pigments give better results with different kinds 
of drier, various oils are also affected through the use of driers of 
different types. In a recent lecture, Toch proposed for soya oil the 
use of driers made from the metal cobalt. In order to determine the 
relative effect of cobalt driers as compared with the more commonly 
used lead manganese driers, Gardner made a series of experiments 
upon a laboratory SQjile. Before the results are accepted commercially 
the tests should be repeated upon a larger scale. A series of eleven 
soya oils as obtained in the market, and representative of the grade of oil 
that was then being furnished by the grinders, were treated separately 
with nfne different driers. The driers were carefully prepared for 
the teftt, each containing approximately the same metallic content. 

“ Description of Driers. — No. 1. Cobalt linoleate in turpentine and 
benzol (contains 6 per cent, cobalt oxide). No. 2. Cobalt rosinate in 
turpentine and benzol (contains approximately 6 per cent, cobalt 
oxide). No. 3. Lead tungate in turpentine and benzol (contains 
approximately 5 per cent, litharge. No. 4. Lead and manganese 
rosinate (contains approximately 4 per cent, litharge and 2 per cent, 
black oxide of manganese). No. 5. Manganese rosinate in turpentine 
and benzol (contains approximately 6 per cent, black oxide of man- 
ganese). No. 6. Lead tungo-rosinate. No. 7. Lead linoleate (contains 
approximately 6 per cent, litharge). No. 8. Cobalt and lead linoleate 
(contains approximately 4 per cent, cobalt oxide and 2 per cent, 
litharge). No. 9. Cobalt and lead rosinate (contains approximately 
4 per cent. cQbaltic oxide and 2 per cent, litharge). In making the 
. drying tests, 10 parts of oil were placed upon a glass plate. There 
w£^ added to the oil 1 part of the drier, and after a thorough mixing 
with a fcjean camel’s hair brush, the oil was uniformly spread over 
• the surface of the plate, cros^brushed and set aside to dry. The 
temperature of the laboratory was approximately 70° F. and •the 
humidity was high. The painted plates were examined every 8 
^hours to deternyne whether any marked drying had taken place. 
At the ^nd of a 24-hour test, the various driers gave the following * 
results on the eleven samples of 6il which were under test 
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No. 1 drier gave fair results on 10 samples of oil. 


» ,2 




9 M 


„ 3 




6 „ 


„ 4 




3 » 


•. 5 




6 n 


» 6 


11 


2 „ 


M 7 

n 

11 


7 „ 


„ 3 


11 


11 » 



“From a consideration of the results, it is shown that of the 
common driers, lead linoleate is probably the most efficient. Of the 
newer driers, however, those containing cobalt seem to have given 
the best results. It occurred to the writer that a drier made by 
combining lead and cobalt might be still more effective. This seems 
to be true from the results obtained with Nos. 8 and 9. No. 9 was 
adopted as a working drier in some further tests which were carried 
on, and which are described below. 

“There was obtained through the courtesy of Mr. C. Piper, 
Agrotologist in the Bureau of Plant Industry, United States Depart- 
ment of Agriculture, a series of twenty-four samples of soya bean oil 
crushed from seed grown at the Arlington Experimental Farm of the 
Department, where the culture of soya beans has been studied for 
some years. These oils were tested along the same lines as outlihed 
above, drier No. 9 being used throughout the -test. The oils were 
examined for their iodine value and the results of the tests are 
charted as follows : — 


Oil No. 

Variety. 

Seed Colour. 

Iodine 

No. 

Drying 
of Oil in 

8 Days. 

Drying in 24 
Hou’s with 

5 per Cent. 
Drier No. 8. 

16789 

Flava . 

Straw-yellow 

131*3 

Poor 

Good 

16790 

Cloud . 

Black 

133-7 



17252 

Flat kind . 


130*2 

Good 


172520 

Field . 


133*8 



17253 

Nuttall 


129*8 



17254 

Ebony 

„ 

132*1 


II 

17263 

Austin 

Olive-yellow 

131*2 


II 

17264 

Tokio . 

133-4 



17267 

Hope . 

If 

123*5 


II 

17268 

Ito San 

Straw-yellow 

132*8 

11 

II 

17271 

Haberlandt 

134*1 


II 

17278 

Hollybrook 

„ 

135*6 


II 

17852 

Meyer 

Black and 
brown 
Black 

137*4 

Poor 

11 

17852B 

Peking 

131*4 

*. * 

11 

II 

17861 

Jet . . 


130*8 

11 1 


18227 

Chornic ' . 

>1 

134*8 

11 


18259 

Pirgsee 

»» 

134*5 

Good 


19163 

1 Wiiaon 

Olive-yellow 

125*1 ! 

Poor 

II 

19186 

Morse. 

181*0 

,, ' 

II 

,21079 

Shingto 

If 

129*9 

11 

II 

21079B 

Auburn 

i Black 

128*7 

11 

II 

21999 

Taha . 

1 Black and 
Olive 

129*9 

Good 

II 

) 

22312 

Famham . 

Straw-yellow 

127*8 

it 


23232 

Klangau . 

Dull brpwn 

133*9 

II 

t 

II 

25000 

Mammoth . 

— 

132*4 

Poor 

II 
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“ It is shown above that although the various samples of,oil tested 
■ differed in their drying values, they all become dry wjien treated 
with on efficient drier.” • 

Oil from the Seeds of Fir Trees . — Rohdich has investigated the 
possibility of obtaining oils from the seeds of fir trees. No difficulties 



4 12 3 

Fig. 110.— Pinusgsylvestris, the source of “ Scotch Fir ” seed oil, the source of 
Russian, Swedish, Folfbh, and German turps, the source of Scots Pine essential 
oil. (After Lindley.) 1, side view of an anther ; 2, carpellary scale aijd pair 
’ of inverted ovules ; 3, inside of ripe scale and seeds ; 4, section of the seed, 

minus the witig at its base. 

ari^e in the treatment of fir seeds. Experiments on a small scale 
• have shown that the seeds of the conifers, when ground and extracted 
^ with ether, yield 20'85 to 31‘2(f per cent, of oil. These figures show 
that the trees in question can form a valuable source of oil, more 
•especially since they do not have first to be planted, but already 
•exi|t in large numbers and yield a crop every year. The labour of 
oollectifcg the fruit and seeds nped not be expensive. In addition to * 
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oil, the s^eds contain 35*2 to 35*3 per cent, of nitrogenous substances, 
in the case of the conifers, so that the press-cakes could form a 
valuable cattle food ; the seeds themselves are readily eaten by the 
wild animals inhabiting' the woods. 

But it is not enough that the yield of oil per cent, should be con- 
siderable but that the crop of cones yielded by the pines should 
also be considerable, and that a sufficient number of pine forests 
should be available for cone picking, and that the crop should be far 



Fifi. 111 . — Abies pectinatd. The silver fir. 

Af bract ; c, detached from the axis of a young coue, with the scale ; s, bearing the* 
ovules, sk (magnified). B, upper part of mihure cone; sp, axis; c, bracts;. 
5 , largely developed scales, bearing the seeds on the upper surface (reduced). 
C, ripe scale, with two winged seeds; sa, seed; /, wing (reduced). (After 
Schacht). , 

in excess of that required for nursery purposes. At present the yield 
is so small that it is quite insufficient for planting 'purposes so as 
eventually to maintain the pine forests in pre-war head of standing 
timber. N.B . — The cone is about a cubic inch, but the yield of ^ed 
per cone occupies only a few yj^^ths .of an inch. 

Scots Pine Seed Oil . — The author having complained to the 
Director of the Botanic Gardens, Kew, about certain points in an 
article in the “Kew Bulletin,” Nov. 6, 1915, on the subject of the^ 
t Scots Pine, was favoured with the following memorandum in repl;^ : — 
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“ Subject.— ^Qots Pine in ‘ Kew Bulletin,’ Nov. 6, 191^. 

The name of Scots Pine is applied generally to P'ikus s^lvesh-is in 
the Britfeh Isles, whether the trees have been^^^ised from home-grown 
or continental seed. Some nurserymen, however, indicate the source 
from which their seed has been obtained. It more than likely that 
distinct races of Finns sylvestris exist, but whether the distinctive 
characters are sufficient to warrant separate varietal names except in 
two or three instances, is very doubtful. When seeds are collected 
from trees growing under very different conditions and sown side by 
side, the seedlings from different regions show considerable variation 
in rate of growth, but botanically all are P. sylvestris. The height of 
the Scots Pine is given as up to 140 to 150 feet, not the average height. 
The height given is reached under the most favourable conditions in 
some of the continental forests. In Scotland the tallest trees noted 
are between 95 to 111 feet high, but the average height for well-grown 
examples is probably nearer 75 to 80 feet.” 

StUlingia Oil. — Th# oil known as stillingia oil is, according to 
Watt, obtained from the seeds of Tapinm Sehifer 2 m, which is the 
same tree as that which yields Chinese tallow. The Chinese tallow 
tree is a small glabrous tree, indigenous to and cultivated in China 
and Japan, introduced into and cultivated in Northern India, having 
become almost wild in the Dun, fairly abundant in Garwhal, Kumaon, 
and Kangra. The plant is easily raised from seed, but is usually 
propagat^ed by layers or dhttings. The fruit is a 3-cell capsule, each 
cell with a single seed surrounded by a thick greasy substance, the 
so-called vegetable “tallow”. In addition to this solid fat, the seed 
kernel yields about 50 per cent, of a brownish-yellow oil, which is 
employed medicinally, also as a burning oil, and in the preparation 
of umbrella varnish. The oil is obtained by expressing the seeds 
after steaming them to liberate the tallow. The oil is limpid and of 
a pale yellow colour ; it has a peculiar smell similar to that of linseed 
oil and mustard oil. It can be distinguished from linseed oil by its 
great levo-rotary power. 

0 

STILLINGIA OIL. CHEMICAL AND PHYSICAL DATA. 


Observer. 

°C. 

• 

-§ 

Density. 

• 

• 

Saponi- 

fication 

No. 

Iodine 

No. 

Re- 

fracto- 

meter 

No. 

Helmer 

No. 

Thermal 

Test, 

Maumcne. 

Refraction. 

Hotein . 

15 

0*9458 

203*8 

145*6 




Butyro Index 

Nash . 

15-5 

0*9395 

— 

160*7 

— 

— 

— 

refracto of 

Torielli 

27 

0*9432 

210*4 

160*6 

0-93 

94-4 

136*5 

degrees refrac- 

& Rugger! 

15 

0*9370 

— 

— 

— 

— 

Specific 

75 at tioiL 

• 

15 

0*937 





temp. 

reaction, 

267 

t 35° C. at 25*5, 
1*4825 
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STILLINGIA OIL. PATTY ACIDS. 


K ^ 

Observer. 

Solidiiication- 

^int. 

Melting- 

point. 

Neutralisation 

No. 

Iodine No. 

Lewkowitsch . 



206*3 

Liquid 191*1 




Saponification 

„ 181*8 




No. 210*5 


Nash 



— 

— 

165 

Tortelli and 

12*2 

14-5 

CM 

Liquid 161*9 

Ruggeri 




„ 178*1 

1 


More recently it has been found that the most characteristic pro- 
perty of stillingia oil is its optical activity. It rotates the plane of 
polarised light strongly to the left, viz. - 6° 45' in a 200-millimetre tube, 
corresponding to - 29*9 saccharimetric degrees. As croton oil is 
derived from Croton Tiglium and stillingia oil from Croton Sehi- 
Jerum its optical activity can very well be understood. But whereas 
croton oil deviates to the right, stillingia oil deviates to the left. In 
general, oils and fats only exert a feeble action on polarised light. 
However, some distinguish themselves from others by being more 
active, a property which may be used to identify them or to enable 
them to be recognised in admixture. When the deviation is feeble it 
may be ascribed to cholesterin or phytosterin, according to whether 
it is a question of an animal or vegetable oil. But where there is a 
strong deviation with a pure oil it is undoubtedly due to tne action 
of the glycerides themselves. Cholesterin and phytosteri'ii being 
leevo-rotary impart to oils the property of deviating the plane of 
polarisation to the left. 

Sunflower Oil (English, Sunflower Oil ; German, Sonnenblumeol ; 
French, Huile de tournesol). — The sunflower, a native of Mexico, is 
a plant of the Composite Order, the botanical name of which is 
Helianthus Anmius, L. The sunflower has long been cultivated in 
Europe as an ornamental plant. It is grown on a large scale in 
Hungary and Eussia, more especially ir the Eussian Province of 
Kuban, where the plant is not only cultivated for its oil but as a 
source of potash. The seed kernels are crushed in Eussia for oil, and 
are also exported for crushing in other countries. Grermany, prior to 
the war, did a considerable trade with Eussia in sunflower oil. The 
kernels contain about 50 per cent, of oil. The yield, of oil calculated 
to the seed is about 20 per cent. The cold-pressed oil is a. pale 
yellow oil with a pleasant smell and mild taste, which is used as an 
edible oil. The second hot-pressed oil yields a dark oil, wl^ich is used 
as an illuminant and for soap purposes, also as a paint vehicle and as- 
bciled oil. The saturated fatty acid content is very small, only about 
3*9 per cent, according to Vorleker, and here the similar data of 
Hazura comes into play. Hazura found 92’5 per cent, of fluid fatter 
* AcidB which yield on oxidation dioxystearic acid and sativif acid be- 
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^ving like oleic and linolic acids. If 130 be taken as the mean iodine 
number it would about correspond with the calculated iodine nimiber 
of equalV^eights of oleic and linoleic acid. iodine number of sun- 
flower-seed oil at first sightdndicates only a slow drying oil. Hiibl by 
treating it with copper powder found it to djy in 7 days with an 
oxygen absorption of 5 per cent., but J. Petroff obtained unsatisfactory 
results with sunflower oil as a raw material for boiled oil. The fol- 
lowing are his results : — 

TABLE SHOWING THE COMPARATIVE TIME OCCUPIED IN DRYINCJ 
, OF RAW AND BOILED SAMPLES OF SUNFLOWER SEED OIL. 


Time of 
Drying. 

Raw sunflower seed oil 8 days 

„ ,, ,, heated and blown for 4 liours 

at 200 to 250’ F. . . . 8 „ 

Raw oil, with 2 per cent, of MnR 15 hours 

„ „ 2 ,, of MnL M 

Blown oil, „ 2 „ of MnR 25 ,, 

„ „ 2 „ of MnL 38 ,, 


Twenty-five parts of the boiled oil mixed with 20 parts of white 
lead'or zinc white took 30 hours to dry, the usual time being 8 to 9 
hours. Sunflower-se^id oil as a raw material for oil boiling is un- 
desirable (Petroff). But according to Bock, who has resided in Rus- 
sia, much sunflower-seed oil is used there in paint-grinding, whilst 
the greater part is used as an edible oil, the seed being heated before 
expression to deielop a peculiar aroma ; the oil for varnish is prepared 
by steafliing the seed and treating the expressed oil with fuller’s-earth 
so as to eliminate the mucilage which causes foots. If the manu- 
facturer does not crush the seed himself he must make preliminary 
tests to see if the oil is fit for varnish-making. A pale oil for varnish- 
making is obtained by treating the oil with 1 per cent, of fuller’s-earth 
and heated to 300° C. until it thickens, without browning ; this oil is 
mixed with equal parts of hardened rosin, a pale drier is added, and 
the product ground with white zinc. The paint so obtained is char- 
acterised by its brilliant >j^hite and its permanence to atmospherie 
agents without any tendency to yellowing. The same oil may be used 
with copal and its analogues. 

PHYSICO-CHEMICAL CONSTANTS OF MIXED FATTY ACIDS FROM 
SUNFLOWER-SEED OIL. 


— 

s 

Melting- 

point. 

Solidification- 

point. 

Saponification 

Value. 

Iodine Value. 

• 

Bach .... 

23° C. 

• 17° C. 



De Negii and Fabris 

22-24° C. 

18° C. 

— 

— 

Dieterich . 

23° 0. 

18° C. 

— 

• 

Jean .... 

22° 0. 

— 

_ 

— 

Peters 

17-22° C. 

— j 

— 



Spuler 

— 

— 

201-5 

133-2-134 

Thorner • . 

23° C. 

17° C. 

201-6 

133-184 
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PHYSICO-CHEMICAL CONSTANTS OF SUNFLOWER-SEED OIL. ^ 


Observer. 

Specific 

Gravity. 

Solidification- 

point. 

Hchner 

Value. 

Saponifi- 

cation 

Value, 

Iodine 

Value. 

Mmi- 

niene 

Test. 

Refractive 
Index. , 

Allen 

0*U24-0-y26 

_ 

_ 

_ 




Beckarto and 
Seiler . 

— 

— 

— 


— 

— 

72*2 at 
25° Zeiss 

Bornemann . 

— 

- 16 to -18*5 

— 

193-194 

__ 

— 

— 

Chateau . 

De Negri and 

0-924-0-926 

— 

— 

— 


— 

— 

Fabris . 

0*926 1 

— 

— 

188-189 

119*7-120*2 

72-75° C. 

— 

Dieterich . 

0*986 

— 

— 

— 

122*5-133*3 

— 

— 

Holde . .. 

0*9240 

Still solid at 
-17°C. 

— 

193 

135 

j 


— 

Jean 

0*9260 

— 

— 

192 

124 

— 

-f 35° 

Spulier . 

0*9258 

— 

95 

193-193*3 

129 

67*5° C. 

1*4611 
at 60° C. 

Thorner . 

— 

— 

— 

193-194 

129 


— 

Holde 

0*919 at 
40” C. 

— 


— 

— 

1 ~ 

— 


Tohacco’need Oil . — According to Cohen about 3 cwt. of tobacco 
seed is obtained from an acre of tobacco. This 3 cwt. of seed yields 



Fig. 112.^Nicotiana Tabacum, the tobacco plant (source of tobacco-seed oil). 

I cwt. of oil or 41*6 per cent. The seed should be harvested after ' 
the top leaves have been collected. , There are difficulties encbuntered 
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in the collection of the seed and in the drying of it. The oilcake 
•contains 4*2 per cent, nitrogen. • t • 

Walnut Oil . — Oil of walnut can readil]^ be extracted by pressure 
from not over-ripe nuts, as also from the kernels by ether or carbon 
•disulphide ; it is of a yellowish colour, and is ^sed in some countries, 
■especially Piedmont, as a good substitute for olive oil. The follow- 
ing data are given : — 


Specific gravity at 15° C 0*9265 

Melting-point of fatty acids 16° to 18° 

Temperatuvi rise 96° 

Iodine number 144-6 to 145-1 

„ ,, of fatty acids ..... 150‘05 

Saponification number . . ... 193-8 to 197*3 


Its specific gravity, rise of temperature, and high iodine number 
•distinguish it from other oils obtained from nuts. It gives a brown 
•coloration with Heydenreich’s, reddish-brown with Hauchecorne’s, 
and an intense orange^oloration with Brulle’s reagent. 

Walnut Oil. The Arbor iv/HlUire and Horticulture of the Walnut 
Tree . — The common walnut tree is a native of Persia. It has been 
utilised and cultivated in India since very remote times. It is con- 
jectured to have been introduced from France into England in or 
pribr to 1562. The tree was highly esteemed by the Komans ; hence 
the generic name Juglana or Jovis (jlam or Jove’s nut acorn, the 
specific name regia , the qfueen, from its pre-eminence among nuts. 
Walnut, its common name, is said to be derived from Gaul nut, the nut 
of Gauf, from whence it came. 

Synonyms 

British — Walnut. 

French — Noyer. 

Dutch — Walnoot and Ockernoot boom. 

Germ an — W alnussbaum. 

Italian — Noce. 

Spanish — Nogal. 

However important th#oil may be, the chief value of the tree lies 
in its timber, the most important use of which is for gun-stocks, and 
as the European supply is nearly exhausted, the more extended 
oultivation of tne tree ki India is suggested. But the vis inertia of 
the Indian forestry official is proverbial. The walnut, which ripens 
in Ilidia in Jdl^ to September, is an important article of diet in 
Kashmir and the N.W. Himalayas generally, and is largely trans- 
ported to the plains. Both the leav.^s and the oil have been largely 
employed destroying intestinal worms. “ The more walnuts one 
^ats, the more ease will he drive worms out of the stomach” (Pliny). 
Green walnuts make an excellent pickle, and for this purpose shouTd 
be gathered before the stone becomes so hard as to be felt when 
prickfd with a needle. 

Soils in which to Plant Walnut Trees . — In good soils the tree 



464 


THE MANUFACTURE OF VARNISHES. 


will thriv 3 for a century and bear nuts to the last. The tree begina 
to bear when about 20 years old. In some light soils, and probably 
when the roots have been confined, walnut trees have been known 
to bear nuts when un^er 10 years, but by the process known as 
budding, Knight has shown that they will fruit in 3 or 4 years. 
The fruit should be allowed to ripen on the tree, and to fall of its 
own accord, when the nuts may be gathered, deprived of their husks, 
dried, and preserved in sand till wanted tor use. 

Propagation of the Walnut Tree— The tree is propagated for 
general purposes by seed sown in spring in nursery beds or broad 
drills, being transplanted the following autumn, but more generally 
the second autumn. The strongest plants might be drawn out the 
first autumn for transplanting, leaving the smaller, which then would 
have plenty of room, to the next planting season. This is the most 
eligible way when the trees are required for timber, but for fruit, the 
best varieties, of which there are several, should be taken from the 
fruit-bearing trees, and inarched or budded on young healthy seedling 
stock. This latter method of propagation was suggested by Boulcher, 
an Edinburgh nurseryman, about the beginning of the 18th century. 
Abercrombie practised it. The late Mr. Knight about 1814 sug- 
gested the practice of budding. The walnut formed an exception to 
the usual method of inserting the buds in shoots, of the same years 
possibly in some measure, because its buds contain within themselves 
in the spring all the leaves which the tree bears the following 
summer, whence its annual shoots wholly cease tc elongate soon 
after its buds enfold. All its buds for each season are also consequently 
very nearly of the same age, and long before any have acquired the 
proper degree of maturity for being removed, the annual branches 
have ceased to grow or to produce new foliage. Knight pointed out 
that there are at the base of the annual shoots of the walnut and other 
trees, where those join the year old wood, many minute buds which 
are almost concealed in the bark and which rarely or never vegetate 
except in the event of the destruction of the large prominent buds 
which occupy the middle and opposite endt of the annual wood. By 
inserting in each stock one of these minute buds and one of the large 
and prominent kind, Mr. Knight found that the minute buds took 
freely, whilst the large all failed without a single excej^tion. This ex- 
periment was repeated upon two-yearling stocks which grew in pots 
and had been placed during spring and the early part o^^ summer in a 
shady situation under a north wall (Mr. Knight’s method of retarding 
vegetation), whence they were removed late in July to a forcing-house 
and instantly budded. These being suffered to remain in the house 
during the following summer prodifced from the small buds shoots. 
nearly 3 feet long, terminating in large (and perfect female blossoms 
which necessarily proved abortive as no male blossoms were procur- 
able at the early period in which the female blossoms appeared, bu^ 
the early formation of such blossoms sufficiently proves that l^e habits 
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of a bearing branch of a walnut tree may be transferred to, a young 
•tree by budding as well as by engrafting by approach. Th^, most 
eligible^spot for the insertion of the buds of, this species of tree and 
possibljf of others of similar habits is near th^ summit of the wood of 
the preceding year, and, of course, very near the base of the annual 
shoot, and if buds of the kind above mentiojied be skilfully inserted 
in such part of the branches of rapid growth, they will be found to 
succeed with nearly as much certainty as those of other fruit trees' 
provided such buds be in a more mature state than those of the stock 
into which they are inserted. Layers make inferior plants and graft- 
ing is not very 'successful, but marching may 
be readily performed during February or 
March. Budding is, however, by far the 
best method, for it would often be found im-- 
possible to march shoots of a superior kind, 
the branches of which might be 20 feet from 
the ground upon a stock of 6 or 8 feet in 
height. * 

The Best Varieties of Walnut. — The fruit 
of the walnut being of much importance in 
climates suitable to^ their ripening, and as 
there are so many superior sorts to be met 
with, it would be well if nurserymen would 
bestow more attention to, tbe matter. The 
best varieties of^ walnuts are the large double- 
kernebd French, the tender or thin shelled, 
a very fine variety, both of which are grown 
about the village of Worthy, near Win- Fig. US.— Jriglms regia ; ' 
Chester, the Highflyer of Thetford, and the catkin; 2, a pair 

new Divant Prolific or Noyer fertile, raised $ flowers; 3, per- 
from seed at Chalons. Mr. Rivers says he pendioular section of a 

saw plants of this sort in Paris only 2 feet flower, 4, perpen- 

in height and full of fruit. Mrs. Harvey, Jp" “ (iLr 

“ Adventures of a Lady ijj Tartary, speaks Lindley.) 
of a walnut cultivated in the Valley of 
Kashmir with a shell as thin as paper and easily broken by the hand. 
The Highflyer df Thetford has a shell nearly as thin, and is on that 
account a variety deserving of more general cultivation. 

SqU and Situation.— The walnut will succeed in any ordinary 
soil if on a dry sub-soil, and the best situation is in a warm sheltered 
p^rli'of the demesne where they will become both ornamental and 
useful. They are rather large for garden culture unless attention be 
^paid to root and branch pruning.^ One objection to them in gardens 
is the space they would occupy and the shade they would produce. , 
Disease and Insects.— The walnut is proverbially exempt from 
these. Its leaves are used to prepare insecticides. Late spring frosts 
however, in some ’situations often injure the young expanding shoots 
yoL. I. '30 
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and recurrence of such disasters brings on a debility in the tree often 
ending, in its death. 

The walnut tree is nret with in all Central Europe, B^jlgium, 
Spain, Holland, Italy, Great Britain, and as an ornamental tree as 
far North as the hinterland of the Moray Firth,’ but it does not 
thrive well too near ffte sea. It is widely distributed in France 
in the Charentes, the Dordogne, Isere, la Franche Comt6, and Picardy. 
The tree yields a brown monospermatic nut which contains the 
almond or kernel, the raw material from which walnut oil is extracted. 
These kernels are not very rich in oil as they contain only 50 to 
65 per cent. Ordinary walnut oil must not be confused with the oil 
of the American nut, which comes from carya nuts, a North American 
tree which is only used in Europe as an ornamental tree. The 
American oil is not much used except for lighting, is not an edible or 
an artists’ oil. Experience has shown that fresh kernels when ex- 
pressed yield a very turbid oil extremely difficult to clarify. It is 
only possible to extract the oil in a satisfactory manner after the 
nuts have been dried and stored for 3 or 4 months. By that time they 
will be ripe and the milky juice which they contain when fresh will 
gradually have disappeared. They must be preserved in a diy place, 
otherwise they will become rancid and mouldy. The kernels are 
crushed under a millstone. The oil is generally extracted in two 
stages. Pressing is begun in the cold so as to obtain virgin oil. The 
residue is moistened with lukewarm (tepid) •■water and again preSvSed, 
which enables 15 per cent, of a more ordinary oil to. be extracted. 
Sometimes, however, the crushed almonds are hot pressed dffetLily. 

Composition of Walnut 0/7.— Amongst the glycerides of walnut 
oil are those of lauric and myristic acids. Amongst the non-saturated 
acids are, according to Hazura, Imolcic acid 80 per cent., linolenic 
.-and isolinolenic acid 13 per cent,, and 7 per cent, of o-leic acid. 

The Constants of Walnut Oil Vary with its Aye and its Degree of 
Bancidity—'^s.\nui oil is said to be difficult to preserve owing to its 
being prone to I'ancidity, but Halphen found no such tendency in 
Dauphine oils, which he had good reason -^o believe were pui’e from 
their origin and properties, which is necessarily of inierior quality to 
virgin” oil. 

Commercial Brands. 1. First Pressed 0/7.— The oil from the 
first pressure is very pale or slightly greenish. It yellows as it ages. 
Its smell and taste are pleasant when fresh, and unpleasant after be-, 
coming rancid. 

2. Second Pressed 0/7.— This quality is of a more or less d^ep 
yellow, often brown, colour, and possesses an acrid odour and taste. 
Walnut oil is only slightly soluble itf alcohol even boiling 1/60. On 
cobling it separates crystals which melt at 20 C. and solidity at 15 C. 

Owing to its drying properties and its pale colour, walnut oil is used 
in the preparation of artists’ paints and also for making certain ink% 
* used in wood-engraving. Large quantities are consumed pi many 
rt/Minfritita a« « n p/li Vitp nil Whftn rancid it is used in soan manufacture. 
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Analysis of Walnut Oil , — According to Halphen certain^uthorities 
are in error when they assert that w^alnut oil is n®t adijjterated with 
linsetid oil. Bellier has pointed out tha4 poppy-seed oil was added 
therefo, and Halphen has frequently found walnut oil with cotton- 
seed, sesame-seed, and earth-nut oils. Crude in the beginning, these 
sophistications have gradually been improved, rendering the ex- 
amination of this product tedious and delicate. The two sophistica- 
tions most difficult to recognise consist in the addition of poppy-seed 
oil or linseed oil, which the colour reactions are powerless to detect, 
and which, o^ the other hand, approach so near to the chemical con- 
stants of walnut oil that it is difficult to prove their presence. It has 
already been pointed out that the formation of insoluble hexabromo- 
glycerides enables both drying oils and fish oils to be detected. Now 
the amount of insoluble bromine derivatives is very variable accord- 
ing to the nature of the drying oils, and in particular, the amount is 
far greater with linseed oil than with the others. On this is based a 
process of qualitati’je analysis by which it is possible to detect less 
than 5 per cent, of walnut oil in linseed oil. 

The following table by Halphen shows the variations observed in 
walnut oil, after preservation for three years in cork-stoppered glass 
bottles only partiajly filled : — 

TADLE SHOWING THE EFFECT OF STORING WALNUT OIL IN 


PARTIALLY FILLED CORK-STOPPEREI) BOTTLES FOR THREE 
YEARS. 


-g — — 

— — — - 

. 





Devmtion by oleorefractoineter . 

. + 33 

-bsr, 

+ u 

+ 37 

Iodine value 

. Wyl 

139-8 

140-4 

141 

Acidity as acid oleic per cent, of oil 

\ 

1-27 



- 

1-05 


Taking apparently sound walnuts which had been preserved for 
several years in the laboratory in a closed tinned iron vessel as the 
raw material from which to extract walnut oil, benzine only ex- 
tracted very acid oils, till properties of which in no way corresponded 
with those of pure walnut oil as the following numbers showed. 
Sample I. wjs extracted from a first lot of nuts, using very little 
benzine. A persisteift emulsion was formed, which only separated 
with difficulty. Sample II. was obtained by using more benzine, 
with the viewtof avoiding this emulsion : — 


,• Physico Chkmicat. Constants. 

Sample 1. 

Sample II. 

• 

Deviation by the oleorefractometer 

+ 28 

+ 29-5 ■ 

• 

Iodine value 

139-9 

146-7 

irfsidity as acid oleic, per cent. 

• 

32-99 

13-03 
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In No.rl. sample the alteration consists solely of hydrolysis with 
slight oxidation, which lowers the iodine value. In No. II. the 
hydrolysis is less pronounced, and the oxidation nil. These er.peri- 
ments show, therefore : 1. That oil prepared with fresh nuts undergo 
on storing no important alteration as regards refraction, iodine 
value, and acidity, and tnat a diminution in the iodine value corre- 
sponds to an increase of the refraction. 2. That oils prepared from 
old nuts are according to circumstances more or less acid, more or 
less oxidised, and that their constants are greatly altered by these 
modifications. 


WALNUT OIL. PATTY ACIDS. 


Obflerver. 

Melting- 

pomt, 

fciolidifi- 

catioii 

Point 

"C. 

Mean 

Molecular 

Weight, 

Iodine 

Value, 

Acetyl 

Value, 

Benedikt and Ulzer . 



278-5 , 


7-6 

De Negri and Fabris 

16-18 

— ' 

— 

150-05 

— 

Hiibl. 

20 

16 

— 

_ 

— 

Kebler . 

16-20 


— 

— 

— 


Hickory-nut oil resembles walnut oil very much, and is known as 
“ American nut oil ”. 

Wm. T. Brant says “ oil of black walnuts is sometimes expressed, 
but is of little value”. On examining the cold-pressedrblack walnut 
oil, the following physical and chemical constants were obtained. It 
is limpid, of a straw- yellow colour, possesses a pleasant, agreeable, 
walnut-like odour and taste, becomes turbid at 12° C., has a specific 
gravity of 0-9215 at 15° C., saponification number, 190'1 to 191-5 ; 
acid number, 8-6 to 9 ; ether number, 181-5 to 182-5 ; Hehner’s 
number, 92-77 ; Reichert- Missel value, 0-00 ; iodine value, 141-4 to 
142-7 ; melting-point of fatty acids, 20° C. 

The drying qualities are excellent, equal, if not superior in this 
respect to linseed oil, leaving a tenaceous, fiexible, transparent film. 

An artist, on using it, pronounced it a very satisfactory article for 
fine painting. 

By a German process patented by Th. C. Graham! I. H. Kellog, 
and W. K. Kellog, D.R.P. 109,237, the oil is extracted from the nuts 
by roasting them between 150° and 180° C. (302° an(l 356° F.), the 
shelled kernel being made into a paste and mixed with water at 55°, C. 

(32 litres of water to 100 kilogrammes of nuts when the oil floats ^o- 
the surface). 

Wood Oil. Standards for Sonih China Wood and the Basis on • 
whkh they were Elaborated. — Frank Brown, formerly Government 
analyst, Hong Kong, procured a quantity of genuine nuts from ■ 
Wuchow, Kwangsi Province, and a certain quantity of oil was.* 
‘extracted by pressure only. Speciinens of the nuis and ©of tha 




WALNUT OIL. TABLE OE -CONSTANTS pY VARIOUS OBSERVERS. 


DRYING OILS OTHER THAN LINSEED OIL. 


Refractive 

Index. 

C4-8 in 
Zeiss’s 
Inst. 

-l-35to + 36 
Jean’s 
Inst. , 

67-68 in 
Zeiss’s 
Inst. 

^ 

Maumeue 
Test, ° C. 

101 

9G 

1 1 1 tl |o II 1 1 1 1 1 

Iodine 

Value, 

tH t> rH 

o ^ (i) 

rH ^ eO'5 

I TO 1 ^ 1 ! 1 1 1 M 

^ i;- 

^ iH ^ 

Saponification 

Value. 

• 

m 

b- L-~ 

O o t- Oi _ 

l§ 1 MSa 1 1 1 1 1 1 ii 

r-t 00 iH 00 iH 

00 

05 

Solidification- 

point, • 

Thickens 
at - 15° C. 
Solidifies at 
- 27*5° 0. 

• 

1 


0-925-0-926 

0*9259 

0-9265 

0*925-0-9265 

z 



0-9256-0-9260 

0*928 

0*919 

0*871 

0*926 

d 

0 

15 

15-5 

15 

I 1 1 IS 1 1 ISSSSS 1 

• 

Observer. 

Allen . . . .^ 

Crossley and Le Sueur 

• 

De Negri and Fabrls 
Dietench .... 
Hazura .... 
Hubl .... 

Jean . 

Keblor .... 

Mabeu .... 

Maumeue . . . - 
Peters .... 
Petkow .... 

Saussure . . . 

Souchere . 

Valenta 
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extracted' oil were sent to several authorities in various parts of the 
world. ^This^pureoil had the following characters : — 

Specific gravity, ^ 0-94lrf 

Iodine value 167 

Saponification value 191 

Heat test . . ^ 12 minutes 

Refractive index at 20° C 1*5206 

„ „ 15° C 1*6226 


At the time (1912) when the heat test was published there was no 
definite system of sampling the oil, and there were disputes, mostly 
with U.S.A. buyers, as to the quality of some of the consignments. 
These disturbances at last became so frequent as to seriously interfere 
with the export trade. The matter received the attention of the 
Association of Exporters and Dealers of Hong Kong, which, with the 
assistance of the local government, endeavoured to place the sale of 
this oil on a more satisfactory footing. From the characters of the 
pure oil extracted in the Government Laboratory ;jind from the results 
of numerous examinations of oils, which had been accepted by buyers 
as genuine and thoroughly satisfactory, the following specification 
was drawn up for South China wood oil : — 

“1. Colour and Imjmrities . — Chinese wood oil shall be pale in 
colour (according to season’s production), merchantably free from 
foots, dirt, and moisture. The total impurities shall not exceed 1 per 
cent., but, unless otherwise provided for, impurities not plainly adultera- 
tions up to 5 per cent, shall not justify rejection, but aik)wance shall 
be made by sellers for such impurities in excess of 1 per cent. * 

“ 2. The refractive index of such oil shall not be-less than 1*5204 at 
15° C. Minus 0*0004 shall be considered the correction for each 
degree C. above 15 to 35° C., which should be applied to the refractive 
index when such is determined at temperatures between the points 
stated. 

“ 3. The specific gravity at 15° C. shall not be less than 0*9400. 

“ 4. Heat Test . — The oill shall satisfy the requirements of either 
Worstall’s,! Bacon’s,^ Browne’s (‘ Chemical News,’ July 12, 1912 — 
the period of setting in this heat test not to exceed 13 minutes), or 
Chapman’s (‘ Analyst,’ Dec. 1912) heat test. 

“Any sample of South China wood oil that«satisfies all the four . 
tests above, namely. Nos. 1, 2, 3, and any one of the heat tests in 
No. 4, shall be considered to be good South China wood< oil free from . 
adulteration.” 

Particulars of this specification were sent by the Association to 
the responsible bodies in several countries, and at the same time 
opinions were asked as to any amenclment desired. The replies * 
receired did not seem to indicate the necessity for any change in the 

^ Described in the rules regulating business among members of the New 
York Produce Exchange in vegetable oils and fats not otherwise provided for mb ® 
kmended on September 6, 1912. .. e 
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specification as described above. The Hong Kong Governipent then 
undertook the sampling and examination of the oil. This consists 
in drawing about 1 oz. from each cask of *011 offered for sale. The 
refractive index of each quantity is first determined, and any cask of 
oil with a refractive index under the specification figure is condemned 
for export purposes. The approved samples%,re then bulked and the 
gravity and heat test of the mixture determined. If the oil passes 
these tests the casks are sealed with lead seals, bearing a Govern- 
ment impression, and are then ready for shipment. The institution 
of this systen^ of sampling has proved most satisfactory. It has 
restored the sale of the oil to its former dimensions, it has raised its 
quality, and has put an end to vexatious disputes and expensive 
arbitrations. 

The following points may be nselul to those examining this oil : — 
When the gravity is determined at a temperature other than 15° C. 
it has been found that O-OOOGI is the correction for 1° C. Thus a 
gravity of 0-9401 at 20715° C. is 0-9433 at 15715° 0. 

Proposed Standard Specification for Wood Oil and Linseed Oil . — 
Proposed standard specifications as follows were included in the 
report of the Committee on Protective Coatings, presented at the 
eighteenth annual, meeting of the American Society for Testing 
Materials, held at Atlantic City on June 22 to 25, 1915 : — 

Raw Chinese wood oil shall conform to the following require- 
ments : — • 


• 

• Physico (Chemical Constants. | 

Miixiiuniu. 

Minimum. 

Specific gravity at—'- C 

0*943 

0*939 

Acid number 

G 



Saponification number 

195 

190 

Unsaponifiablc matter, per cent 

0*75 

— 

Refractive index at 25“ C 

j 1*520 

1*515 

Iodine number (Hiibl, 18 hours) .... 
Heating test (Browne’s method), mins. 

— 

165 

12 

— 

Iodine jelly test, mins. . ^ 

4 

— 


CONSTANTS OP THREE SAMPLES OP JAPANESE OIL. 
• t (CHAPMAN.) 


Locfflit}* 

• 

lodiuc 

Figure. 

Density 

at 

1.5-5° C. 

111 

Refractive 

Index. 

lime of 
Efflux in 
Seconds. 

1. Wakasa . 

158-0 

• 

0*9377 

195*2 

1-5083 

1*230 

2. Idynmo . 

149*0 

0*9400 

193*4 

1-5052 

1-620 

• 

8. Locality unknown , 

151-8 

0*9340 

196-3 

1*5034 

- 


Hojit test, 2 hours at 250° p.— 1, soft ; 2, soft ; 3, very soft. • 
Japanese wood oil has been said to be obtained from Aleurites 
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vernicia. , But on the authority of Chapman it is quite distinct from 
the Cl^ines^ oil, hoing mostly okained from Paulownia Imperialis. It 
is said to resemble the Chinese oil in composition and properties but 
it does not solidify on heating to a high temperature. 

The American Consul in Japan in his report (105, 1917) states that 
“ An oil used in Japan i^a the manufacture of oil, paper, and paints and 
for illuminating purposes, is obtained from the fruit of a tree Aleurites 
Cor data (‘ Oil Paulonia ’). This tree had been growing wild in Japan 
until four years ago, when it was for the first time on a very small 
scale cultivated for commercial purposes. The use of tjae oil paulonia 
product has been known in Japan for a long time but has not yet 
acquired any commercial importance. The oil is extracted by the 
most primitive methods, drying, pounding, steaming, and crushing by 
producers on their farm. Japan’s output is about 1,500,000 bushels 
of nuts annually, from which 238,300 gallons of oil worth $110,000 
is obtained. None of this oil is exported. Shells and kernels crushed 
together give 36' 1 per cent, of oil, while 48‘85 o/ oil is obtained from 
the kernel ” (U.S.A. Consular Beport). 

The Chemical Composition of TP’ood OH Fatty Acids. — Wood oil 
contains from 10*4 to 10*6 per cent, of glycerol, 96 per cent,, of insoluble 
fatty acids, and about 0*5 per cent, of insoluble matter (Jenkins). 
Cloez was the first chemist to examine wood oil. He found the fatty 
acids to contain a liquid and a solid portion. The first consists of 
normal oleic acid. The solid fatty acid, pre^ssed through filter paper 
free from the entrained oleic acid and then crystallised from alcohol, 
melts at 48°. Its combustion results and tk analyses of its salts 
pointed to the formula Cloez named this acid elaeomargaric 

acid and found 72 per cent, of it in wood oil. He found that it was 
very unstable, and that in the air it rapidly absorbs oxygen. Long 
after the date of Cloez’ researches, L. Maquenne examined solid wood 
oil fatty acid de novo. He termed it elaeostearic acid. On oxidation 
by KMn 04 (not in alkaline solution) he obtained from it azelaic acid 
and n valerianic acid; instead of Ci 7 HgP 2 found the formula 
CigHgoOg. The iodine figure of wood oil indicates that the greater 
proportion consists of an isomer of linoleic acid ; but Walker and 
Warburton, in brominating wood oil, in one sample found no hexa- 
bromide insoluble in ether, in a second sample only b*38 per cent. 
T. Kametka found that elaeostearic acid is not an isomer of linolenio 
acid but of linolic acid, CigH3202. For the acid crystsllised from 
alcohol he only found the melting-point of 43° to 44° C. By brominat- 
ing it in acetic acid solution he obtained a tetrabromlinolic acid, melt- 
ing-point 114° C., and with the Hazura oxidation process, sativic acid, 
tetraoxy stearic acid and dioxystearic.*’ Finally he states that the 
acidistill contained oleic acid, hence its low melting-point. Kitt found 
a higher melting-point, 48° C., and that stearoleic acid with three 
linked bonds has this melting-point. On oxidation by nitric acid Jie i 
<only obtained azelaic acid, with the Hazura oxidation processia* very * 
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•small quantity of dioxysteario acid, also a water soluble acid melting 
in the crude condition at 97° to 102° C. S. Fokfn, bji electrolytic 
reduction, obtained stearic acid with the^ nucleus C^g. A. Eathje 
extracted from wood oil both fatty acids, according to Warrentrap. 
The lead salt of elaeomargaric acid is insoluble in ether, the extraction 
is not at all sharp or well defined, as it is shown that Rathje found for 
the oleic acid instead of an iodine value of 90, one of 93 and the 
low melting-point of 43° to 44° C. Finally he found that wood oil 
fatty acids contains 75 per cent, of elaeostearic acid and 25 per cent, 
of oleic acid, whilst Cloez data gives 72 per cent, of solid fatty acids 
therein. 

R. Majima throws some light on the constitution of elaeostearic 
acid, the melting-point of which he gives as 48"^ to 49° C. (118*4° F.). 
In am atmosphere of carbonic acid under a pressure of 12 mm. the 
elaeostearic acid boils leaving, about 235° C. (455° F.), 11 to 14 per 
-cent, of a brown amorphous mass. The purified acid was dissolved 
in chloroform and^ozonised in a freezing mixture. The result 
was a yellowish semi-solid, which on combustion gave an ozonide 
of the formula On boiling with water it solidified. The 

water showed the HP 2 reaction, and there was isolated therefrom 
valeric aldehyde and the semi-aldehyde of azelaic acid, n valerianic 
acid, azelaic acid. The formula of elaeostearic acid is therefore 
CH,(CH2)3CH(CH2)2CH . CH(CH2)7C00H. 

It has, therefore, likelinoleic acid, the central double bond, notbe- 
tween^tke 6 aid 7, but between the 5 and 6 group. 

TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OF 
TWO SAMPLES OF CHINESE WOOD OIL AND THEIR FATTY 
ACIDS. SAMPLE I. DIRECT PROM CHINA; II. FROM FiRM OP 
OARLOWITZ IN HAMBURG. (KITT.) 


Oilis 

I. 

11. 

III. 


Specific gravity at 15° C. 

Saponification value 
Iodine value . • . . ^ 

Acid „ . . . 

« m 

^ 0-9413 

190*7.191*0 

157-5-158-4 

3-9 

0-9439 

190-9-191*4 

154-6 

6-95 

II. solidified 
by light 
191-0-191-8 
155-2-161 


• Fatty Acids 

‘ • 

• 

I. 

II. 

III. 1 

IV. 

Melting-point 

36.39*5°£l. 

85-5-40 

41-46 

' Blown at 
150-180° C.‘, 

2 houA 

Neutralisation value 

197-3.197-8 

. 196-4 

198-8 

199-5 

Yield of insoluble . 

82 • 

85 

— 

* 

Iodine value . ; 

— 

169-5 

107-6-108*4 

1 

— 
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The chemical and physical constants of the above two oils are givem 
under /)ils andell. That given under oil III. is oil 11. solidified by 
exposure to light. The data given under fatty acids 1. and K. refer 
to the original untreated oil. The figures under fatty acids itl. refer 
to fatty acids from oil II. after the oil had been heated in a porcelain 
basin, and stirred by a tWrmometer until at 282° C. it solidified. The 
gelatinised mass only dissolved partially in benzene, but alcoholic 
potash completely saponified it. The separated fatty acids were dark 
brownish-yellow, wnth green fluorescence. After some days they 
solidified to a crystalline mass. 

W. G. Scott states that : “ Assuming the viscosity of raw linseed oil 
as 4*000 compared with that of water as 1*00, wood oil will have a vis- 
cosity of about 20, and the oil is really about five times as thick ”. 

Wood Oil Solidifyimj-poini . — The fresh oil solidifies at + 2° to 
-f 3° C., but does so only after the oil has been exposed to the freezing 
mixture for 4 hours at least. Oil kept for six months by De Negris and 
Sburlati by cold expression began to solidify at - 18° C. Again Cloez 
cooled wood oil to - 18° C. without it becoming turbid, and Jenkins 
confirmed Cloez’ results with his two samples. 

Index of Refraction . — The refractive index of wood oil was found 
by Jenkins to be 1*503 at 19° C. with sodium light. 

Optical Deciation. — Nil. 

Viscosity . — The two samples of oil analysed by Jenkins took re- 
spectively (1) 858 and (2) 1453 seconds to flow from Eedwood’s 
viscometer at 60° F. An equal volume of water required 28 seconds, 
whilst pure rape oil took 470 seconds. There is an unaccoilintable 
difference between Jenkins’ results, which Jenkins explained might be 
due to partial polymerisation of one of the samples. 

The Physical Properties of Wood Oil. Specific Gravity . — Wood 
oil has the highest specific gravity, viz. about 0*940, ol any vegetable 
oil, except castor oil or croton oil. This high gravity is about 0*008 
higher than ordinary raw linseed oil, and even approaches that of 
fire-boiled oil, or to be more exact, it would be better to say that 
the specific gravity ot fire-boiled oil approaches that of wood oil. 
The specific gravity of all Chapman’s samples are more or less above 
0*940, and not one of them under it. But De Negris and Sburlati 
both report samples much under 0*940 (0*936)^- De Negris and Fabris. 
0*9343 to 0*9385. The wide differences in the recorded gravities are 
perhaps due, on the. one hand, to the oils not being ieriyed from the 
same species of Aleurites. Oxidation also increases the gravity. . 

The odour of the Chinese wood oil is a very peculiar one tyid 
adheres to the dry coating made with it ; it adheres so strcvngly that 
it is plainly noticeable even after oilcioth-like goods dried in hot air 
forduonths, the same as oilcloth will always, even after years, smell 
of linseed oil. Naturally, this peculiar lard-like odour also shows 
itself with the varnishes produced from the oil, ai;id it therefore^, bet 
comes necessary to remove it by some process. e 
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In the manufacture of leather, waxcloth, and linoleum, an odour- 
less and cheap varnish, which will dry very quicMy, i^ a prime 
desiderajum. Until lately dry linseed oil wa* the favourite substance 
used. Of late, however, wood oil has been tried, and gave highly 
satisfactory results in respect of drying qualities, but had the great 
drawback of possessing a very disagreeable smell, due to its auto- 
oxidation products which are more and more intensive in the air. The 
following four methods w^ere tried by Ulzer with a view of removing 
this only obstacle to its replacement of drying oil which is consider- 
ably dear; 1. Extraction of the odorous bodies by solvents. 2. Ex- 
traction of the odorous bodies (which are possibly aldehydes and 
ketones) by sodium bisulphite. 3. Treatment with substances at the 
same time bleaching and deodorising. 4. Treatment with superheated 
steam. 

1. The solvent principally tried was alcohol, in strengths of 20 



Fig. 114.— Oxygen absorption, per cent, by weight of wood oil. 


and 40 per cent. When the oil had separated out after having been 
shaken up with the spirit, it was dried in a stream of warm carbonic 
acid. It is true that the disagreeable smell was diminished, but the 
results yyere unsatisfactoay, even without regard to the cost of the 
method. 2. Deodorising by Beducing Agents— This method was tried 
by boiling the oil for 6 hours with twice its volume of a 10° B. solution 
of sodium bisulphite wfth a reflux condenser. The oil was then 
, washed with water from the excess of bisulphite. Its evil odour was 
not then appjeciably less. This shows clearly that the malodorous 
substances present are neither ketones nor aldehydes. 3. Deodorising 
by Animal Charcoal— kmm&\ charcoal, silicate of magnesium, and 
the residue® of the manufacture of potassium ferrocyanide were tried, 
•Vithout success. 4. Deodorising by Blowing with Superheated Steum. 
— By this method very interesting results were got. The first trial ooti- 
s*isted in blowing superheated steain at 130° C. through the wood oil for 
B»hoTirs. The nasty smell was perceptibly lessened, but the oil partly 
solidifiedton cooling. When the ^team was used at 165° C. a marked 
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diminution of the bad odour took place, even in 2 hours, and in S 
there was, veryalittle smell of any kind, what there was being much 
ilikethat of linseed oil.« In 12 Wrs the oil had begun tc. deposit 
and had regained some of the disagreeable odour. This recrudescence 
-of the smell was, however, only slight when the oil was cooled with- 
out contact with air, snowing that the action of atmospheric, oxygen 
has probably something to do with the formation of the evil-smelling 
substances. 5. Deodorising by Air Bloiving . — Attempts to conoeal 
the bad odour were made, especially with birch-tar oil, but were 
quite unsuccessful. 

Bang and Euffin claim to completely deodorise the oil by blowing 
for 6 to 8 hours at 50° C. 

CHEMICAL AND PHYSICAL CONSTANTS OF WOOD OIL. 

(Refractive Index, 1-503.) 


Observer, 

Density 

atl5"C. 

Solidification- 

jKnnt. 

Hebner's 

Value, 

Saponifi- 

cation 

Value, 

Iodine 

Value, 

Davies and Holmes . 
De Negri and Sburlati 

Jenkins . • { 

Ulzer . . . . I 

Williams . . | 

0‘940 

0-9.36 

I 0-9343. 

^ 0-9385 

0-9415- 

0-9432 

j below -17°C. 
^ __ 

!} - 

96-96-4 

96-3-96-6 

211 

156-172 
194 1 
194 
y 190-7 

1 196-1 ; 
i 

159-161 
149-7- 
165-7 
162 
155-4 
r 166-6 


FATTY ACIDS. 


Observer, 

I Melting-point, 

' °C, 

i 

Solidification- 
point, ° C, 

lodiie 

Value, 

Heat of 
Bromination. 

De Negri and Sburlati 

43-8 

31-P 1 

159-4 


Jenkins . 

. 1 30-37 

34-0 

1 

21-22-1 

Williams . 

. 1 40-49-4 ; 

87-1 

144-1-150-1 

— 


Until lately the only literature on wood oil consisted of short papere 
by Davies and Cloez, but a large number of workers have recently 
busied themselves with this product, such as Holmes De Negri, and 
Sburlati, Jenkins, Williams, Fraps, Jean, Kitt, Milliau, ChapiJ^ari 
and others. 

Their results are so far given in the table. 

A. *C. Chapman has recently given the analysis of seventeer 
samples of Hankow wood oil, which are reproduced in the following 
.table « 
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CONSTANTS OF WOOD OIL (CHAPMAN^. 


Sample 

No. 

• 

• 

Iodine 

Value. 

Specific 
Gravity 
at iri-s® C. 

Saponifi- 

i-.ation 

Value. 

Refractive 
Index at 
20'^ C. 

Time of 
Efflux, 
^ecouds. 

Heat Polymerisa- 
tion Test, 1 Hour 
at 280° C. 

1 

169‘9 

0-9419 

190-6 

1-5207 

2178 

Very hard. 

2 

168-4 

0-9406 

193-8 

1-5181 

1636 

Hard. 

3 

166'5 

0-9426 

194-3 

l-51ilb 

1946 

Fairly hard. 

4 

166-4 

0-9417 

193-0 

1-5170 

1880 


5 

168-8 • 

0-9430 

195-6 

1-5195 

2017 

Very hard. 

6 

170-0 

0-9440 

194-5 

1-5180 

1849 

Hard. 

7 

168-6 

0-9416 

193-0 

1-5150 

_ 

Fairly hard. 

8 

171-0 

0-9414 

192-0 

1-5176 ’ 



Hard. 

9 

109-7 

0-9437 

1941 

1-5170 1 

t 1997 


10 

173-0 

0-9420 

192-5 

3-5165 1 

i 1722 


11 

176-2 

0-9417 

192-0 

1-5168 i 

1605 

” 

12 

172-6 

0-9420 

196-0 1 

1-5180 1 

1 1740 


13 

174-2 

0-9427 

194-0 

1-5182 1 

[ 1690 


14 

173-7 

0-9420 ' 

195-0 

1-5194 

1820 


16 ’ 

172-8 j 

0-94^0 

194-0 

1-51J>3 

2047 

ii 

16 

169-5 1 

0-9420 

195-2 

1-5160 

1804 


17 

169-0 

0-9433 

195-2 

1-6187 

1820 1 

1 

Very hard. 


There appeared recently a paper by Dr. C. D. Holley and J. P. 
Eichards upon Chinese wood oil, in which they state that examina- 
tion of a large number of samples of this oil during 1916 has proved 
that a high proportion were adulterated, but those which were 
passed proved to be very uniform in quality, the “turning-point” 
(i.e. abnormal dispersion) being 20 to 21, which is considerably 
higher than those shown during the three preceding years. The 
authors state that if the “turning-point” and the acid value of an oil 
be known it is comparatively easy to predict its behaviour in the 
varnish kettle, the high “ turning-point ” oils being by far the best for 
this treatment. The “turning-point” test, as worked out by the 
authors, is regarded by them as far superior to any form of heat test 
or other method of testing quality. The improvement of testing, 
especially the fact that the purity of an oil can be put on a numerical 
basis, led the authors to the conclusion that probably still purer oils 
having higher turning-points ” might be obtainable, perhaps ap- 
proximating to the pure oleomargaric acid glyceride, which, accord- 
" ing to their investigations, has a turning-point of 25 to 25'5 at 25° C. 
,'With this idea in view, several samples of the purest wood oil obtain- 
•abla were got direct from China, and on examination the authors’- 
view proved to be entirely correct, as shown by the following 
stable:— 
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c 

f 

Acid Value. 

Turning-point 
at 25° C. 

1 . . . . 

7-3 

23*6 

2 . . . . 

2-5 

20*5 

3 . ^ . . . 

3-7 

23-9 : 

4 . . . . 

7-(3 

22’3 

5 . . . . 

1*4 

24*0 

6 . . . . 

C-6 

1 22-5 

Average . . | 

! J 

— 

1 23-0 


A comparison is also made of three of these oils with an average 
1913-15 oil by a slightly modified Browne heat test, the temperature 
of heating being 282“ C. : — 



Oil 

Tummg- 

jMiint 

' Ai'id Value. 

1 

Heat Test, 
Time of 
Solidification. 

i 1 

1913-15 

15-G 

2-0 

10 min. 55 sec. 

1 2 

191G ; 

20-5 

2*5 

10 min. 

1 3 

Special , 

23 -G 

7 ’3 , 

10 min. 15 sec. 

1 4 

„ 

23*9 

3-7 

1 8 min. 55 sec. 

i 5 

” 

20-5 

2-5 

10 min. 


It is clear from these tests that the time I’equired for gelatinisation 
varies inversely as the turning-point, and, with the V^rning-point re- 
maining constant, the time varies directly as the acid valiie. The 
behaviour of the oil in the kettle thus depends mostly upon the turn- 
ing-point and to a lesser extent on the acid value. Now that ade- 
quate methods of examining Chinese wood oil have been devised, 
there is every reason to believe that better qualities of this oil will be 
supplied than was formerly the case, but the writei s are of opinion 
that the methods laid down by the American Society for Testing 
Materials are inadequate, seeing that they allow oils adulterated to 
as much as 15 per cent, to be classified as pure oils. 

■ A quarter of a century ago Chinese wood oil or tung oil from 
Aleurites Fordii was almost unknown to Euiopean or American 
varnish-makers and oil-boilers. Two decades ago it tame more often 
than prior thereto on the European markets, and eventually it reached 
America, where it was adopted forthw’ith, and so far rpaije its way that 
much of the special technical literature of the subject, if not the 
whole, is of American origin. Both in America and Great Britaim^nr- 
porters have vied with one another in striving to find n^w markets 
for the oil, yet there are many interested persons who even now have 
nc adequate conception of the jieculiarities and all-round usefulness 
and possibilities of this oil. For three decades its peculiarities hav^ 
been investigated by many chemists, and so successful have the^e ii&- 
‘ vestigations been that at the present day it may well be ^aid that 
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these peculiarities have all been brought under control. The unruly 
•oil has been tamed. Abortive attempts have been m^de to acclimatise 
the treg from which the nuts that yield the pil are obtained. The ex- 
periments somehow did not succeed. In Chfha it is used as an illu- 
minant and for fuel, but its consumption is chiefly as a varnish for 
boats (junks), houses, and furniture. It is ^)lso largely used in the 
varnishing of the native umbrella, and in the manufacture of water- 
proof cloth, whilst it is practically a necessity in the manufacture of 
the finest silks. Of late years it has c\nn been used in the building 
of forts, forming with lime, sand, and clay a material almost as tough 
as granite. In the western provinces the oil is adulterated to lessen 
its cost and to bring it into consumption for “coarser” purposes. 
Owing to the distance which the product has to be brought to export 
ship, the great cost of repacking (an absolute necessity) and freight, 
its lay down price is heavy. 

The oil, particularly when freshly pressed, is somewhat poisonous, 
so also are the nuts and kernels. This is well known to the Chinese. 
The cake is therefore’calcined to lamp-black. It cannot very well be 
burnt to ash, but what is done with the charred residue is not known ; 
possibly it too is used in making India ink. At any rate, the cake 
cannot be used as a feeding-stulT, although it might possibly be used 
as a manure. 

According to a United States consular report, the Chinese oil tree, 
to which the wi’iter of j*hat report erroneously gives the botanical 
name o^AlfAiri^es Cor^a^a, belongs to a family very common in China, 
to which the name of tung is given. The oil tree itself is called 
Ying-izu-tung, so called after the shape of its fruit, ying, meaning 
bottle. It is a small tree, growing to a height of 10 to 15 feet in 
stony ground and chiefly in Hunan, Hufeh, and Szechuen. The tree 
has been successfully acclimatised in the Southern Shan States, be- 
tween 1500 and 3000 feet in altitude, and to some extent also in 
Burmah, Assam, Sikkim, and Nepal. It is frequently met with near 
Buddhist monastei’ies, though in some localities it appears to have 
escaped into the neighbouring jungles. It is said that in the Southern 
Shan States the tree gfows quickly and is easily propagated from 
seed. A ti-ee 5 years old attains a height of about 16 feet, and when 
8 to 10 years iold comes into full bearing. The fruit ripens in the 
’Sjjian States about October ori about 3 months later than the fruit of 
the candle-nut tree Aleurites triloba. It is believed that, were a re- 
munerative ‘demand to arise, in a very few years the supply of wood 
.oil.*from the Shan States would be limitless. In China the fruits, 
wSich are gathered in August and September, contain five to seven 
large poisonous seeds. Of the Japanese wood-oil tree it is said that the 
tree flowers at the end of May or beginning of June. The fruit rij^ns 
dn autumn. Three to five seeds are contained in each fruit, whi^ is 
something like our walnut. They afford an oil to the extent of 37-^ per 
cenl, vjhich is cold-pressed in ordinary practice to the extent of two- , 
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thirds of the possible yield. This oil is known in Japan by' the nam^ 
of Dokuyenoabura, and serves for filling the pores of wood before it is,, 
coated with lac, or it is used when desired to protect wood against 
moisture. 

From information procured from the Southern Shan States it 
appears that the tree is fairly plentiful and the oil regularly prepared 
although the demand is but limited. It has been estimated that the^ 
nuts of each tree might yield 50 ounces of oil. The kernels are first ‘ 
pounded, then steamed in a basket placed over the mouth of a pot in 
which water is boiled. The basket is next placed within a piece of, 
bullock’s skin, and the whole deposited in the oil-press and compressed.. 
The oil escapes into a vessel placed below for its reception. It is 
much more highly appreciated than candle-nut oil from Aleurites 
triloba. It is known in Kengtung as Makyauhkai and near Fort. 
Steedman as Kangyin. In China the oil is said to be obtained in a 
similar manner to earth-nut oil. The nuts are collected, dried, and 
placed in an ordinary Chinese reiskwo (a shallow iron vessel 2 feet in 
diameter) which is put over an open fire. Th^y are then ground to 
powder by stones and pressed in wooden presses. The substance that 
is left in the press is afterwards carefully calcined, and the soot s& 
obtained is used in the manufacture of the so-called India ink or 
Chinese ink. 


ANALYSIS OF WOOD OIL NUTS. 



j Kernels. 

1 


Bbells. 

Water 

i ! 

3*98 i 

0-24 

14-40 

Crude protein , 

. 1 19-02 1 

21-57 

2-60 

„ oil 

57-42 ! 

47-80 

0-04 

Nitrogen extract . 

. ' 12-08 1 

17-27 

27-62 - 

Crude fibre 

. 1 2-68 1 

3-02 

50-64 

Ash .... 

. j 3-02 I 

4-10 

4-80 


The nuts when cold-expressed yield about 35 per cent, of a clear 
colourless oil and about 44 per cent., on ei traction with a solvent,, 
carbon disulphide. De Negri and Sburlati give 53‘25 as the yield by 
extraction by solvents and 42 per cent, by cold exj;ression. Hot 
expression gives a better yield at the expense of the quality of the oil^' 
which is brown with a piercing unpleasant smell, and is not so m^ch 
appreciated on the market. 

Cloez states that the oil extracted by him was odourless, but the, 
oil obtained by De Negri and Sburlati by cold expression had a Je- • 
culiar smell, like that from 8econd-pre,s8ed castor seed. 

The crushing of wood-oil nuts has unfortunately not yet been done 
on a manufacturing scale in Europe, as there seems to be some doubt.j 
both of regularity of supply and value of press-cake. 

There are no reliable statistics of the Chinese wood-oil nut* harvest. 
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In 1899 Hankow and other Chinese ports exported about 30,000 tons 
of wood oil, and it is considered that China herself -inises ^louble that 
quantify. This would make the total outptrt^of oil about 90,000 tons, 
and of nuts about 160,000 tons. The nuts themselves are not ex- 
ported. It seems fairly certain, however, that a real demand would 
soon be followed by an increase in the cultivation of the nut. The 
well-known variability in the quality of wood oil is due on the one 
hand to its comin" from different species of Aleuritas, which are as 
yet imperfectly known, but many of which are confused with Aleurites 
Fordii, the true source of Chinese wood oil, and on the other hand to 
the very primitive manner in which the (’binese extract the oil. The 
exporters at Hankow reco'^mise three sorts: pai-yu, hsin-yu, and 
hung-yu, but do not themselves know whether the differences are due 
to different sources of origin or to one being a first, another a second 
Dressing, or one being hot pressed and another cold pressed, or other 
lifPerences having existed in their treatment. The investigations, the 
'esults of which ar^ given below, were carried out with a small 
juantity of nuts, of which the exact locality of origin is unknown, 
except that it is Cliinese. A slightly modified form of arachis-sheller 
ivas found ii) extract the kernel perfectly, and the kernels were 52 
Der cent, of the weight of the whole nut. The shells are of no value, 
ind this is a matter of great importance, for it is evident that freight 
would be saved if the nuts were shelled in China. It is true that the 
iernels^are very prone td become rancid when deprived of the protec- 
iion of* their ihell, but they would not suffer during the voyage if 
oackeJi air tight. The kernels gave 58*7 per cent, of oil by extraction 
with ether. A pressure of 350 atmospheres on the other hand, at 
28“ C., only gave 43*0 per cent. The residue from this pressing, 
when broken off and again subjected (between rollers) to a pressure of 
350 atmospheres at 65“ C., gave 10*7 per cent, of the 15-7 per cent, still 
^-emaining. Thus the total yield was 53’ 7 out of a possible 58’ 7 per 
cent. Hence the yield reckoned on the whole nut is 22- 36 per cent, 
cn the first pressing, and 5’56 per cent, on the second, with 24’08 per 
cent, pf oil cake. The #il from the first pressing was a pale yellow, 
and that of the second a pale orange, and more viscid than the first. 
The constants of both oils agreed substantially with those already ob- 
tained by othe* investigators. It was found, however, that by picking 
the nuts before pressing and rejecting any that showed any sign of 
rottenness, 4he«acid number of the oil of the first pressing could be 
breught down to 0'9. The oil has also no longer the disagreeable 
characteristic wood-oil odour, and can be kept for weeks in a well- 
stoppered bottle without developing it. If exposed to the air, how- 
ever, it quickly acquires it. Ttis seems to confirm Ulzer’s opinion 
that the development of the smell is a result of oxidation. But pos- 
sibly the oil could easily pass thorough a sea voyage, in well-filled and 
clcMely stoppered vessels, without acquiring any of the disagreeable 
odour. • The press-cakes are very poisonous, and contain 53 per cent..* 
VOL. 1. 31 
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of protein and 12*1 per cent, of fat. The Chinese use them for 
manuise, and als6 burn them for the manufacture of lamp-black. If 
some means could be ^i^covered of extracting their poisoE^ms in- 
gredients the high percentage of protein which they contain would 
make them an excellent fodder. 

To the importers tne package question has been a serious one, 
as much loss resulted in transportation, the loss by leakage amount- 
ing to as much as one-tlyrd. In order to overcome this, ' one 
firm of New York importers sent staves, heads, and hoops for 6000 
barrels to Hankow to be put together, and filled with the oil there. 
With American firms entering into competition in its importation, 
improvements in service and more regularity, in the way of supplies, 
may be looked for, the shipping and importing having heretofore been 
in German and English hands exclusively. The quality of the oil 
is defined by the term Hankow and Canton China wood oil, the latter 
commanding higher prices by 10 per cent. 

Light alone, without air, is said to cause wood oil to dry. Ex- 
posed to light for some time, the length of which depends upon the 
time of the year, wood oil slowly becomes solid. At first there is a 
deposition of solid stearine-like particles, but in time the whole 
mass solidifies ; at the same time the oil loses its yellow colour and 
turns white. On heating, the solid melts, but reforms on cooling. In ^ 
thus solidifying on exposure to light, tung oil differs from other oils. 
Poured in a thin film over a glass plate, wodd oil takes about 2 days 
to dry, being, therefore, quicker in its drying capacity than raw 
linseed oil, which takes about 3 days to dry. Unlike other ^drying 
oils, wood oil does not dry from without inwards, but the process goes 
on simultaneously through the thickness of the coat of oil. The dry 
film left by Chinese wood oil has a different appearance to that left 
by linseed oil ; it is duller and more opaque, which is rather against 
its use in painting, and, besides, the coat or film is crinkled and rough. 
Linseed oil leaves a smooth and bright film. This opacity appears 
to be due to the presence of large percentages of mucilaginous and 
albuminous matter, and at low temperaturec the oil becomes, waxy, 
settling out organic salts similar to the stearates. On account of 
this peculiarity it cannot, like linseed oil, be used in the raw or crude 
state and requires special treatment, but, even then, it must not be 
considered as a substitute for linseed oil for use in paint, and tp 
the manufacture of varnish, but rather as a valuable adjunct to prompt 
thickening and other important drying properties. 

Wood oil is well adapted when properly handled for mixing with 
linseed oil, the latter component giving elasticity and tke former 
hardness and resistance, as well as an increase in drying properties. 
WMfen heated to 200° it thickens ; at 260° to 280“ C. the oil gelatinises, 
but the jelly does not stick to the fingers. It should therefore not 
be heated above 180” C. • • ‘ 

• Heating Chinese wood oil appe^irs to have no material iifluenoe 
in accelerating its drying power. 
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The behaviour of Chinese wood oil under heat is peculiar, and 
sharply differentiates it from other oils. Maintained afa teihpera- 
ture of»212° F. for some days, it slowly gelatinises, the jelly, which is 
formed, not being liquefied by heating. Heated up, it, like all other 
oils, becomes thinner and more limpid ; it dc^es not darken so much 
in colour as linseed oil ; heated to about 550° to 560° F., it sets almost 
immediately into a transparent jelly, which is permanent on ex- 
posure to the air, and has an appearanze and consistency recalling 
tnat of india-rubber. This jelly is not melted by subsequent heating, 
and it is quitS insoluble in hot oil, benzol, turpentine, petroleum 
spirit, alcohol, and similar solvents. 

Boiled wood oil, if prepared at a low temperature and without the 
addition of driers, is always more viscous than linseed oil. In laying 
it on a surface, therefore, it is more difficult to get a thin layer. A 
surface varnished with wood oil which is too thick, has more of the 
varnish on it than is necessary. The surface of this layer dries 
quickly, and having behind it the still liquid portion, is enabled to 
draw together and wrinkle. This does not happen when the layer is 
thin enough to dry through. For this reason, in using wood oil varnish, 
it is essential to note its thickness, and if necessary thin it down with 
turps. The same thing may be noticed with linseed oil varnishes, if 
» not properly thinned, or too thickly laid on. Too large a proportion 
of driers also causes wripkling for the same reason as the excess of 
driers thickens the oil. 

TABLE* SHOWING THE ACTION OF HEAT AT DIFFERENT TEMPERA- 
TURES AND FOR DIFFERENT PERIODS OF TIME ON THE 
CHEMICAL CONSTANTS OF WOOD OIL, AND OF WOOD OIL 
MIXED WITH A CERTAIN PROPORTION OF LINSEED OIL. 



Heated, 

Hours. 

°a 

Free 
Acid, 
per (Jent. 

KHO per 
1000 

Gramnies. 

Iodine Ab- 
sorption, 
per Cent. 

Wood Oil, I. . . . 



7-1 

175-9 

161-9 

2 

150 

3-9 

185-8 

162-2 


5 

150 

1-1 

185-3 

154-5 

.. 0 • • • 

9 

150 

0-6 

180-1 

142-2 


9| 

Solid 

— 

195-4 

— 

Wood’bil, II 


— 

5-6 

193-9 

160-7 

2 

150 

5'1 

193-4 

157-8 


5 

150 1 

2-6 

190-4 

143-5 

VJnod” Oil, I. + 25 per cent. 

6 

Solid 

— 

187-2 

— 

linseed oil . 

— 

— 

6-0 

177-9 

172-6 

* 


180 

3'1 

188-1 

151-7 

it M »» 

6 

180 

I'l 

187-3 

136-1 

M •• 

5J 

Solid 

— 

191-6 

» 

Wood Oil, n. + 25 per cent, 
linseed oil . 


_ 

4*8 

192-3 

165-2 


2 

180 

2-1 

192-7 

147-3 

^ j n ' »» 

jj g »» »» 

4 

Solid 
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The oil does not appear to possess much solvent properties for 
driers *esp^iallyW the linoleates and rosinates of lead and manganese. 
Driers may be prepared* ^‘rom the oil preparations of lead and man- 
ganese, similar to linoleates, which act more efficiently with linseed 
oil than any other piieparations. The use of these preparations- 
has been described in an English patent, where they are called 
“ tungates 

On heating wood oil wi/h rosin only, the acidity of the latter is 
affected, but that is greatly decreased, whereas, the acidity of a mix- 
ture of linseed oil and rosin is increased. 

TABLE SHOWING DECREASE OF FREE ACID PER CENT. IN HEAT- 
ING A MIXTURE OF ROSIN AND WOOD OIL. 

Free Acid, 

IK'r Out 


Wood oil 11-0 

,, heated to 200 C 10-7 

„ „ to 245° C I. . . 7-5 

Rosin heated to 300° C. 298'2 

,, and wood oil heated to 300' C 05'4 


In heating wood oil for the purpose of making vaVnish, it must 
always be borne in mind that the temperature must never exceed 
180° C., as the oil then gelatinises and will not mix with the othei'* 
ingredients of the varnish. But with cai;e, the result is invariably 
extremely good. If the oil be heated with a drier and then thinned 
with French oil of turpentine, the result is always goo^, although pro- 
longed stirring is necessary. Experiments have shown that borate of 
manganese is not a suitable drier for wood oil, but borax answered 
extremely well. Mixtures of wood oil and linseed oil were also tried ; 
the varnish dried in 24 hours on glass, and after a little became per- 
fectly hard and transparent. But when the dried varnish was ex- 
posed to the weather, damp, dew, and rain, loosened its adhesion — 
which was, however, fully restored by exposure to dry air or sunlight. 
On wood, the varnish resisted very much better, especially when 
mixed with zinc white. The following are typical experiments made 
on wood oil : (a) Fifteen pounds of wood oil having been warmed up, 

5 lb. of lead acetate were added to it, a little at a tim«i, the heat being 
kept up until solution was complete. Ten pounds of gum resin werfe 
then added, and when this was melted the varnish was thinned with • 
10 lb. of French turpentine oil. The varnish so prej^ared dries in 10 
hours. A coating of it on tinplate, which was then steeped m 9. 
solution of sodium carbonate for 24 hours, was not affected, except; 
as regards its colour. The latter was made somewhat paler, but the^ 
adhesiveness of the varnish was not diminished. Varnishes made 
wfth linseed oil and subjected to the same treatment were practicallji 
destroyed by the alkaline solution, and could be afterwards removed 
^ without difficulty, (b) Ten pounds of rosin were m’elted up with*6 lb. 
of borax. On to this mixture 15 lb.’ of wood oil were poured. The 
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_whol^ was then heated up and mixed with 20 lb. of French turpentine 
oil. The varnish thus obtained dried rapidly for the’first hour, but as 
soon asf the turpentine had all disappeared rate of drying became 
very much slower, and after 15 hours the varnish was still sticky. This 
seems to indicate a good varnish for gilding. ^The varnish was com- 
pletely dry in 48 hours, (r) This experiment resulted in a very good 
varnish, which, however, requires very great care in its preparation. 
Fifteen pounds of wood oil were mixed, with 2 lb. of “gum” resin 
and driers, and the mixture was heated to frothing. Then 10 lb. of 
rosin were addbd, and when the latter was melted the heating was 
continued to as high a temperature as possible without gelatinising 
the wood oil, careful stirring being kept up until the liquid began to 
stiffen. The vessel was then removed from the fire, and 40 lb. of 
French turpentine oil were carefully and thoroughly stirred into its 
contents. The varnish so prepared looks a bit turbid at first, but be- 
comes quite clear within 14 days. Spread on glass, it dries to a hard 
and elastic coat in 8 hours or 10 at the most, and on wood it dried 
in 5 hours. When applied to glass it had a fine lustre, and was en- 
tirtsly transparent. Any resin can be used for this varnish provided 
its melting-;^oint is below 180°, as is, for example, the case with soft 
manilla copal, (dj The varnish made by this process would suit ad- 
mirably as a thinning medium for stiff paint. The ingredients were 
15 lb. of wood oil, 15 lb. pf linseed oil, and 4 lb. of rosin. After the 
usual btating, the varnish is thinned with 20 lb. of French turpentine 
oil. Tihe varmsh so prepared dries within 24 hours. As above men- 
tioned, its adhesion is destroyed by damp. In spite of containing 
linseed oil it always retains a w'hitish tinge. 

The peculiar property of wood oil for thickening to a jelly-like 
substance when heated to about 300° C., and its tendency to dry with 
a flat, “ crawly ” surface are well known, likewise the removal of this 
objectionable property by the use of rosin or linseed oil. It may be 
used alone if very carefully treated, but must be handled with great 
caution, or mishaps will occur. Its present crude method of extraction 
seems* to give a rathei^ variable product, and it cannot be always 
depended upon to behave at all times in exactly the same way. 

Manganese rosinate when boiled with wood oil in generous pro- 
■pprtion gives very satisfactory results in preventing flatting and 
crawling. The following formula is recommended as giving a cheap 
but very fine wearing varnish of good colour : — 

, * 250 lb. China wood oil, heat to 200° C., allowing no increase above 

th*is temperature. Add 8 lb. manganese rosinate fused and boil to 
flesired consistency at 200° C» Add 80 lb. hardened rosin fused. 
When cooled to 125° C. (257° F.) add 250 lb. benzine. ^ 

» If water-white rosin is used it will give a still paler varnish. 
If properly made this varnish ^iW dry quickly and hard, and stands 
outside exposure’in a remarkable manner, though the percentage of^ 
rosin is small. Hard zinc rosihaite may be used instead of hardened 
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rosim to produce a quicker, harder drying varnish,, and is said to give 
splendid results.' A much cheaper varnish is produced by the 
following formula : — . ' 

250^1 b. China wood oil. 

^8 lb. manganese rosinate. 

400 lb. hardened rosin. 

450 lb. benzine. 

Treat as before. 

This cheap grade varnish, it is claimed, will stand outside exposure 
for two or three months before showing any signs of deterioration. 

It has a splendid gloss, and on the whole is very satisfactory looking 
at the low cost. 

An excellent grinding japan may be made as follows : — 

250 lb. China wood oil heated to 200° C. 

Add 20 lb. manganese rosinate, and heat at 200° C. to the desired 
consistency. 

Add 100 lb. zinc rosinate, heat until thoroughly incoiporated, 
withdraw^ from fire and allow to cool. 

Add 400 lb. of turps. 

A good cheap furniture and rubbing varnish can be made l)y 
mixing 2 lb. of the above with 1 lb. medium heavy gloss oil, and ^ 
a satisfactory floor varnish by mixing 4 lb. of the above with 1 lb. of 
gloss oil. 

The relative proportions of turpentine or benzine us thinriers in 
the above varnishes can be varied at will, but on the whole, they 
contain so great a percentage of oil, that a large proportion of thinners 
is not necessary to make them brush nicely and flow smoothly. 

The peculiar flatting property of wood oil has been utilised to make 
flatting varnish without the use of wax. A very prominent American 
brand is produced by the following formula : Emulsify 10 gallons 
China wood oil by boiling in an ordinarj^ varnish pot with 11 gallons 
water, in which is dissolved 8 lb. soda ash and 1 lb. granular caustic 
soda. Dissolve in a separate vessel 20 lb. al{im in 20 gallons. jvater. 
When the oily mass drops heavily from the stirrer, add 22 lb. rosin, 
powdered so as to melt quickly. After thorough incorporation, add 
the alum solution, which will cause the whole mass to separate on . 
stirring. Allow to stand overnight, run off all Hie water possible, 
heat until the remainder is driven off, and dissolve ^ residue in 70 . 
gallons tui^ps. To produce the flatting varnish, mix this with ecjwal 
parts of manila or kauri varnish. Many technical writers agree th*it 
this oil will become of greater importance in the near future ; to(^ 
much stress cannot be laid upon working it carefully and with intelli- ‘ 
genae ; the peculiar properties make its use a constant menace other- ^ 
wise. Despite the objectionable features of this oil, it has been used 
with great success by some, and those varnish makers, who have *iot® 
4aken it up, or have been unable to jnanipulate it satisfactorily, are 
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gradually finding themselves outdistanced by their more Successful 
rivals in the manufacture of such varnishes. 

Af/er much money and time has been expended in researches and 
experiments, and millions of pounds of the oil wasted, the general 
conclusions arrived at is, that this oil requires boiling with lead or 
manganese compounds, but in a different way from that of boiling 
linseed oils, which can be raised to a temperature of 320° C. (588° F.), 
while China wood oil must under no consideration be heated by itself 
alone to over 180° C. (356° F.). While some of the oil, off and on, 
may stand a temperature of 200° C. (392° F.), it is liable to go with 
great rapidity into a jelly, that is of no use whatever, even at a much 
lower point. The safest way to treat the oil and make it lose its opacity 
on drying is to heat it in a portable pot over a moderate fire, to 160° C. 
(320° F.), and as soon as the temperature reaches 180" C. (356° F.) 
remove the pot from the fire and stir into the still simmering oil 
the quantity of drying compound, which must be in fine powder, that 
it is thought best to*employ. Manganese compounds, especially the 
borate, tend much more to gelatinise the oil on being heated too highly, 
th^in with lead compounds. As to the use of lead products, either 
litharge or ted lead may be used, the former preferably. Two per 
cent, of the weight‘of oil is sufficient for ordinary purposes. In case 
the use of manganese is desirable, borate of manganese should be 
employed, but should not exceed per cent, of weight of oil even 
} per cent, may be sufficient to keep it transparent. Lead rosinate, 
tnangi’nese r^sinate, lime rosinate, in fine powder act similarly, but 
must not be used in excess. Wood oil is seldom used by itself, 
but mostly in admixture with linseed oil to which it is claimed im- 
parts a greater degree of elasticity, hardness, and imperviousness. 

In a recent article on the manufacture of flat wall paints W. G. 
Scott makes some very useful suggestions regarding wood oil. He 
states that the regulation jellying-point is supposed to be 540° F., but 
the rate of heating has very much to do with it, for instance, long- 
continued heating at 392° F. (200° C.) to 450° F. (232'2° C.) converts 
it into an insoluble jelljF; on the other hand, it may be heated quickly 
to 620° F. before it commences to string or thicken, and in some cases, 
it will not jeljy until cooled back to 540°. Only a few moments are 
■ required for the oil to* thus solidify, after it begins to string, but if a 
certain amount of rosin, 2 or more lb. per gallon, be added just on 
the point of stringing, the reaction is prevented and the mixture re- 
mains liquid. Some driers accelerate and some retard the jellying of 
vtood oil, and it is a knowledge of this action and the proper heat 
^reatmeift which enables the garnish-maker and paint manufacturer 
to produce a wood oil, which will dry flat without a crystalline surface. 
A mixture of 80 per cent, treated wood oil and 20 per ceift. of 
treated linseed oil forms an excellent vehicle for flat wall finishes. 
*Pi|ments grounU in this mixture are apparently too thick for the 
brush, %ut work as freely as oil-aud level out perfectly. Furthermore^ 
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the paint 'flats down to a surface free from brush marks and 6ther 
imperfections. 

Wax is an ingredient lused in some of the fiat wall finishes, and it 
adds greatly to the waterproofing quality. It is essential that a white 
wax be used, and good results are obtained with Japan wax. Paraffin 
wax may be used if desired, but it retards tbe drying. 

A flat, waterproof wax-oil formula is as follows : — 

32 gallons (251 lb). China wood oil. Heat to 420“ F., then add 
8 lb. Japan wax. Stir well, allow to cool to 320° F., then thin with 
16 gallons wood turpentine. Finally add 1 gallon concentrated 
varnish drier. 

This oil when ground with pigments dries with a dull egg-shell 
surface and the paint is exceedingly waterproof. 

For a cheap “ Factory White ” the following pigments are ground 
in 1 gallon of the above oil : — 

15 11). lithopone. 

4 lb. zinc oxide. 

1 lb. asbestine pulp. 

The paste so produced may then be thinned to brush consistency 
with more of the above wax oil, or reduced with turpentine or benzine. 

If preferred, whiting may be used in place of asbestine pulp, but tbe 
asbestine helps to hold the pigments in suspension. The wax also ^ 
helps to hold up the pigment. 

To make a China wood oil varnish for blending with the theaper 
grades of linseed oil and rosin or soft copal and dammar varuishes^ 
the following method appears to be best : — 

Eun through a mill and grind well together, 32 lb. varnish-makers’ 
lime flour, 6 lb. hydrated oxide of manganese, 12 lb. powdered litharge, 
and 6 gallons boiled linseed oil. Set aside until required. In 
a varnish pot of 100 gallons capacity place 200 lb. crude China wood 
oil and heat slowly to between 160° and 180° C. Before the maximum 
temperature has been reached take pot from fire and stir in at once 
15 lb. of the drying compounds al)ove mentioned ; keep stirring until 
the driers are well incorporated, then return u fii-e and add 200 lb. 
rosin that has been melted in another kettle, but keep temperature 
well down to 160“ C. When oil and rosin are well m’xed, take pot 
from fire and thin in the usual way with turpentine or benzine t^ ‘ 
proper consistence, filter and store. * • 

China Wood Oil Varninlm with Direct Method : Dak Furniture 
Varnish . — 4 gallons varnish-makers’ bodied linseed oil and 50 Ib. . 
pale rosin are heated in the kettle to a temperature of 140° to 150° C. * 
(288° and 302“ F.j, the rosin being added after oil has reached 212" F.« ^ 
When the temperature of 150° C. (302° F.) has been reached, 6 lb. of 
the finely ground lime and driers in oil, above referred to, are stirred • 
in, and when this has been taken up, *5 lb. of China wood oil is added ^ 
and the boiling continued about 10 minutes, when pot is removed 
from fire and contents thinned in the* usual way with turpentine or 
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. benJmeor a nuxtare of these solvents, about 10 to 12 gallons being 

sX* 22*galloDS, but at no 

temperatu^ exceed the maximum of 
d02 F. A harder drying but much darker varnish can be made by 
boiling raw oil and rosin together at a tempemture of 280“ C. (536° F. ) 

im- r ' H '‘“owing the temperature to go down to 

180 0. (356 1 .), and stirring in the C lb. of drier in oil and the 5 lb. of 
.hina wood oil, in the same manner asjs followed in the pale varnish, 
yirtrailc .4»r Bryiruj Vamuhfor Oukde Work.-50 lb. boiled linseed 

liv ^0 160° C. 

vu n ^ well united, a mixture of 8 oz. 

litharge, ^ oz. hydi-ated oxide of manganese, and 4 oz. lime ground 
8ne in 1 quart of boiled linseed oil, is stirred in, and the temperature 
•kept between 300° and 320° F. until the driers are taken up, then the 
-pot IK taken from lire and the contents thinned with from 8 to 10 
, gallons turps, or a mixture of turps and benzine. This batch will 
produce from 20 to«2 gallons of a pale and fairly durable cheap out- 
side varnish. The boiled linseed oil refeiTed to is understood to be 
linseed oil boiled with drier, to the consistency of syrup of honey. 

Jdpan arimli with China Wood Oil. — To the initiated it is no 
secret, that ordinafy rosin varnishes, no matter how much oil they may 
-contain in proportion to the gum, are not well adapted for japanning 
on metals. This defect can be remedied to a great extent by the 
introduction of a small portion of wood oil. A varnish made by the 
Jollo^dng foifnula will dry in ordinary air in from 36 to 48 hours, but 
when placed in an oven will bake hard in 6 hours Bit a temperature 
of 180° F. without perceptible discoloration: 7 gallons bodied 
linseed oil and 8 lb. China wood oil are heated to 150° C. (302° F.), and 
. while 4 lb. of the driers ground in oil are stirred in, the temperature is 
allowed to rise to 180° C. (356° F.) and held there until the driers are 
taken up, when 40 lb. hardened rosin, melted in another pot, are 
introduced, and when this is incorporated the pot is taken from fire 
and contents thinned down with 10 or 12 gallons turpentine. This 
batch will produce n^ less than 22 gallons of varnish. 

JIow to Prepare China Wood Oil for Use as an Aid to Linseed Oil 
as a Paint j^ehicle {not for Varnish Making). — The oil is placed in 
a portable varnish p(5t and heated over a moderate fire to a tempera- 

• ture of not over 180° C. (356° F.). As soon as it reaches that point, 
the pot is ^’eiiloved from the fire, and the driers well stirred into the 
o*il. To do this effectually, without the pot on the fire, to risk loss of 
t)il by gelatinising, the driers should be ground in enough linseed oil 

• to* form*a thin semi-paste, so that the full benefit may be derived from 
the manner of introduction. For every 100 lb. of wood oil placed in 
the kettle, 1 lb. of litharge will be sufficient to make the oil become 
transparent and remain so on ‘drying. If desired to give the boiled 

‘ <9iintt wood oil' extra drying properties, the quantity of litharge may 
be infreased to 2 lb. for every 100 lb. of the oil. Or the litharge ma^ 
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the paint 'flats down to a surface free from brush marks and 6ther 
imperfections. 

Wax is an ingredient lused in some of the fiat wall finishes, and it 
adds greatly to the waterproofing quality. It is essential that a white 
wax be used, and good results are obtained with Japan wax. Paraffin 
wax may be used if desired, but it retards tbe drying. 

A flat, waterproof wax-oil formula is as follows : — 

32 gallons (251 lb). China wood oil. Heat to 420“ F., then add 
8 lb. Japan wax. Stir well, allow to cool to 320° F., then thin with 
16 gallons wood turpentine. Finally add 1 gallon concentrated 
varnish drier. 

This oil when ground with pigments dries with a dull egg-shell 
surface and the paint is exceedingly waterproof. 

For a cheap “ Factory White ” the following pigments are ground 
in 1 gallon of the above oil : — 

15 11). lithopone. 

4 lb. zinc oxide. 

1 lb. asbestine pulp. 

The paste so produced may then be thinned to brush consistency 
with more of the above wax oil, or reduced with turpentine or benzine. 
If preferred, whiting may be used in place of asbestine pulp, but tbe 
asbestine helps to hold the pigments in suspension. The wax also 
helps to hold up the pigment. 

To make a China wood oil varnish for blending with the theaper 
grades of linseed oil and rosin or soft copal and dammar varuishes^ 
the following method appears to be best : — 

Eun through a mill and grind well together, 32 lb. varnish-makers’ 
lime flour, 6 lb. hydrated oxide of manganese, 12 lb. powdered litharge, 
and 6 gallons boiled linseed oil. Set aside until required. In 
a varnish pot of 100 gallons capacity place 200 lb. crude China wood 
oil and heat slowly to between 160° and 180° C. Before the maximum 
temperature has been reached take pot from fire and stir in at once 
15 lb. of the drying compounds al)ove mentioned ; keep stirring until 
the driers are well incorporated, then return u fii-e and add 200 lb. 
rosin that has been melted in another kettle, but keep temperature 
well down to 160“ C. When oil and rosin are well m’xed, take pot 
from fire and thin in the usual way with turpentine or benzine t^ 
proper consistence, filter and store. 

China Wood Oil Varninlm with Direct Method : Dak Furniture 
Varnish . — 4 gallons varnish-makers’ bodied linseed oil and 50 Ib. 
pale rosin are heated in the kettle to a temperature of 140° to 150° C. 
(288° and 302“ F.j, the rosin being added after oil has reached 212" F. 
When the temperature of 150° C. (302° F.) has been reached, 6 lb. of 
the finely ground lime and driers in oil, above referred to, are stirred 
in, and when this has been taken up, *5 lb. of China wood oil is added 
and the boiling continued about 10 minutes, when pot is removed 
from fire and contents thinned in the* usual way with turpentine or 
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liO Stand for several days. Meanwhile, a drier is prepared from 100 
parts of rosin, 9 of lime, 10 of thick hoiled oil, 20 of lead hnoleate, 
and «f00 of turps. Of this preparation *25 parts are incorporated 
with 75 parts of the prepared wood oil. Coatinf^s of this varnish 
will dry perfectly hard in 12 hours. Used^lone, the prepared wood 
oil gives a hard, drying, white coating, but the surface is more like 
marble, whereas with the drier mentioned, a fine egg-shell matt is ob- 
tained. Owing to the uneven quality, of commercial wood oil it is 
necessary to make a small trial batch before dealing with the bulk. 

Hardeniifg Ttosin hy Lime in the Actual Process of Varnish- 
makiruj . — The hai'dening of rosin varnish by lime, in the actual pro- 
cess of varnish-making, may result in the thickening of the varnish, 
unless the operation is performed with the requisite precaution. Thus, 
the temperature be insufficient, only part of the lime will dissolve, 
the insoluble portion forming thick lumps, which settle down when 
the varnish is thinned with the diluent. On the other hand, too little 
lime will leave thetrosin insufficiently hardened, and therefore it will 
remain tacky when dry, whilst an excess of lime causes the mass to 
thicken considerably, and require timely treatment with linseed oil, 
wood oil, (Jr rosin to restore its fluidity. The following recipe will be 
found to give satisfactory results: 10 parts of American rosin, | part 
of marble lime in powder, 5 parts of boiled linseed oil, or wood oil, 
5 parts of oil of turpentine and 5 parts of turpentine substitute. The 
rosin ig heated to 270° ( 3 . (518° F.) in an enamelled cast-iron pan, and 
^the ^me is tdded in two portions, heating being continued until a 
thick, strong crust forms on the surface of the rosin. The oil is stirred 
in and the whole is heated till it froths up and a skin forms again. 
The pan being taken from the fire and left to cool, the contents are 
diluted, first with the oil of turpentine and then with the substitute. 
If a more consistent “ varnish” is required, 0-35 part of litharge may 
be added at the outset, wffien the temperature has reached 230° C. 
(446° F.). If added after the lime, the litharge would greatly thicken 
the mass. The author of this process states that wood oil is preferable 
to lieseed oil in ma^g these varnishes, but a mixture of the two 
would no doubt give a far supei-ior product. 


J^THE end] 
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Charcoal, bleaching linseed oil with, 60. 

— refining Imsoed oil with, 67. 

Chevrcul, researches of, 2. 

Chevreul’s process for bleaching linseed 

oil, 61. 

Chlorine, action of on linseed oil, 69. 

— bleaching linseed oil with, 59. 
Chlorophyll, 56. 

Cholesterin, 51 , 

Cholesterol reaction, Liebermann’s, 52. 
Cobalt benzoate driers, 324. 

— borate drier, 324. 

— driers, 324, 339. 

Cod oil, determining in linseed oil, 148. 
Cogan’s process for refining linseed oil, 
55. 

Colouring principles of oil, 56. 

Copaiba balsam in printing ink, 215. 
Copper linoleate, 332. 

— soap, 831. 

Corn oil. See Maize oil. 

Cotton seed, oxylinoleic acid from, 283. 
Gyroscopic method for determining 
molecular weights (Raoult), 138. 

D. 

Damar vehicle for enamel paint, 338. 
Dioxystearic acid, 85. 

Driers, catalytic action of, 301^ 

— cobalt, 839. 

— examination of, 345. 

— for linseed oil, 271. 

— for oil boiling, 305. 

— for soya bean oil, 455. 

( 493 ) 
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Driers, ignition test for, 401. 

— lead, 800. 

-- liquid! 306. 

— litharge, 308. 

— manganese, 296. 

— manufacture of, 308. 

— metallic, table of, 806. 

— Mulder’s theory of, 342. 

— patent, 305. 

— soluble, 334, 335, 341. 

— solution test for, 401. 

— zinc, 297. 

Drying, effect of driers on, 397, 400. 

— influence of light on, 395. 

moisture on, 3%. 

temperature on, 395. 

— oils as paint vehicles, 5. 

constants of, 182. 

definition of, 3. 

in varnishes, 6. 

lead test for, 201. 

manganese rosinatc, test for, 263. 

oxidation of (Hazura), 92. 

properties of, 2. 

£. 

Edge-runner mills, ; 0. 

Elaidin test for drying oil, 119. 

Enamel paints, Damar, vehicle for, 338. 
Ester number of linseed oil, 109. 

Ethyl linoleate, drying capacity of, 228, 

F. 

Pat.s, splitting of, 75. 

— thermal values of, 119. 

Fatty acid, chemical constitution of, 92. 
content of oil, 92, 

— acids, estimating, in boiled oil, 196. 
fluid, 80. 

free, estimating in linseed oil, 94. 

from sunflower seed oil, 461. 

hydroxylated, derivatives of, 93. 

iodine, number of, 76, 78. 

linseed oil, examination of, 84. 

melting-point of, 76. 

mixed, in linseed oil, 97. 

molecular weight of, 99. 

of Cedar nut oil, 415. 

Chinese wood oil, 472. 

linseed oil, 76. 

saponification values of, 

101 . 

poppy soed oil, 442, 445. 

safflower seed oil, 453. 

walnut oil, 468. 

proportion of, in linseed oil, 186. 

refraction of, 162. 

sjlid, 80. 

unsaturated, of linseed oil, 88. 

Ferrous sulphate, bleaching linseed oil 
with, 58. 

Filter presses, 64. 

— press cake, 62. 


Filtering linseed oil, 53. 

Fir seed oil, 457. 

Fish oils, detection of, in linseed o,ll,*174. 

— oil, drying of (Meister), 198. 
Flash-point apparatus, 1^. 

— standards of different countries, 162. 
Flax, cultivation of, in Great Britain, 10. 

— plant, the, 10. 

Foots, boiled oil, 200. 

— linseed oil, 67, 192. 

Fuller’s earth, bleaching linseed oil with, 
61. 

bleaching oils with, 62. 

testing, 63. 

Puntumia oil, 422. 

G. 

Gauges, hydraulic, 33. 

(Vrinding Japan, 337. 

Gloss oils, 337. 

Glycerides of linseed oil, 91. 

Glyceric acid, 27*^. 

(rlycenne content of linseed oil, 279. 

— in linoxm, 278. 

— oxidation products of, 279. 

~ test for linseed oil (Fahrcn), 186. 

H. 

Halogens, action of on linseed oil, 69. 
Hempseed oi’, 422. 

bleaching, 02. 

determining, in lin.,eed oil, 149. 

Hevea seed oil, 434. 

Hexabromide number of boiled oil, 195, 

200 . 

linseed oil, 117. 

Hexabromides, insoluble, 86. 
Hydrobrominate from linolenic acid 
(Sussenguth), 81. 

Hydrogen, action of, on linseed oil, 72. 
Hydrometer, comparison table for 
caustic soda solution, 328. 

— conversion table, 125. 

— scales for caustic potash solution, 326. 
Hydros ulphitCfc refining linseed oil with, 

61. 

I. 

India-rubber substitute, analyses of, 250. 

from linseed oil, 242. 

Indigo in printing ink, 217. 

Ink, black, for engraving, 221. 

— blue-black printing, 220. 

— for steel engraving, 221. 

— lithographic, vehicles for, 207. 

— printing, boiled oil for, 204. 

linseed oil for, 210. 

properties of, 213. 

^ vehicles for, 208. 

Iodine absorption of boiled oil, 195. 
linseed oil, 167. ^ 

— — oils (Wijs), 112. 
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lodipe absorption of various oils, 111. 

— and bromination values, relation of 

-{Table), 72. 

— niAber of linseed oil, 78, 181, 193. 

— value of linseed oil, 109, 111, 171. 

fatty acids, 111. 

poppy-seed oil, 447. 

Iron soap, 331. 


J. 


Japans, recipes for, 337. 


K. 


Kaya oil, 427. 

Kettles, steam-heating, 17. 
Koettstorfer figure of linseed oil, lOG. 

L. 


Lactouos in linseed oil, 280. 

Lallemantia oil, 428. ^ 

Lead acetate bleaching, linseed oil with, 

. 59. 

— — driers, 300, 312. 

— boiled oi]^ 391, 399. 

— borate driers, 313. 

— driers, 300, 322. • 

— linoleate, 327. 

dried film of (Mulder), 82. 

driers, 314. ^ 

jyoperties of, 277. 

— oxide, sapopfication of linseed oil by, 
• « 86 . 

— red, in paints, 311. 

manufacture of, 311. 

— rosinato driers, 313, 321. 

^ sulphate, bleaching linseed oil with, 
59. 

— test for drying oils, 261. 
Liebermann-Storch test for rosin oil, 

149. 

Light, bleaching linseed oil with, 56. 
Lime, refining linseed oil with, 61. 

— soap, 331. 

LinoJLeate copper, 332. ^ 

— ethyl, finoleic acid fmm, 83. 
Linoleates, action of oxygen upon, 350. 

— nianufactu^ or, 321. 

— metallic, manufactuil of, 327. 
pure metallic, preparing (Fahrion), 

’ •* « . 

Linoleic acia from ethyl linoleate, 83. 

sunflower seed oil, 88. 

(Hazura), 82. 

hydrobrominate from, 81. 

old!c acid in, 82. , * 

preparation of, 89. 

preparing (Schuler), 80. 

unity of, 344. 

Linolein, 348. 

% — • action of oxygen upon, 350. 
Linol^m, action of solvents on, 240. 

— analysis (Pinette), 238. • 


Linoleum manufacture, 232# 

analysis of^ils for, 237. 

Herkhom’s procesi, 237f 

lill|eed oil for, 239. 

R^’s process, 237. 

Storer’s process, 235. 

Wa^fon’s process, 234. 

Linoxic acid, 351. 

properties of, 277. 

Linoxin, 349, 402, 405. 

— glycerine in, 278. 

— in dried linseed oil, 289. 

— properties of, 276. 

Linseed cleansing machinery, 11. 

— crushing presses, 15, 23. 

— oil, acidity of, 95. 

acrolein from, 225, 

action of heat on, 202. 

sulphuric acid on, 70. 

— — adulteration of, 170. 

as a paint vehicle, 1. 

ash from, 43. 

bleaching, 53, 56. 

blown, ultimate analysis of, 231. 

boiled, 351. 

tests for, 193. 

bromine, value of, 109. 

chemical composition of, 75. 

(Fahrion), 189. 

reactions of, 69. 

colour of, 123. 

composition of, 43. 

destructive distillation of, 202. 

drying of, 276, 295. 

processes, 302. 

effect of cold on, 135. 

pigments on, 408. 

storage on, 191. 

ester number of, 109, 

estimating free fatty acids in, 94. 

extraction by solvents, 38. 

fatty acids, 75. 

I examination of, 84. 

I melting point of, 101. 

of, 186. 

oxygen absorption of, 271. 

saponification values of, 

101 . 

solidifying point of, 101. 

specific gravity of, 102. 

filtering, 53. 

fire boiling of, 211. 

1 flash point of, 150. 

i fluid, fatty acids of, 80. 

i foots, 67, 192. 

for printing ink, 210. 

free acid content of, 97. 

freezing out mucilage from, 133. 

glycerides of, 91. 

I glycerine content of, 186, 279. 

I heat of bromination of, 71. 

j combustion of, 70. 

! increase of weight on drying, 224 

1 india-rubber substitutes from 

1 242. 



496 » THE MANUFACTURE OF VARNISHES. 

Linsed oil,<jodine absorption of, 167. ] Manganese linoleate, bleaching linseed 

number of, 181. 1 oil with, 58. t 

f valu'd of, lOy, 171. — nitrate driers, 319. 

mill, description of, 11. , — oxalate driers, 319. 

mixed fatty acids in, 9V. i — peroxide driers, 314. 

■ mucilage in, 45, 192. ■ — rosinate driers, 320, 392. 

■ oxidation of, 233. ; — sulphate driers, 31G. 

in paints, 229. j Manihot oil, 431. 

oxygen absorption of, 256. ! Manketti nut oil, 432. 

physical constants of, 135. ' Manmeno’s thermal test for linseed oil, 

properties of, 122. ^ 118, 

polarimetric tests of, 1G7. Mineral ferments, action of, on linseed 


production of, 9. 

quantitative composition of, 185. 

raw, U.S. standards for, 180. 

refining, 53, 55, Gl. 

refraction index of, 159. 

refractive index of, IGG, 207. 

saponitication of, with lead oxide, 

38G. 

value of, lOG. 

saponifying (llazura), 82. 

— — smell of, 122. 

solid fatty acids of, 80. 

solidification of, 131. 

point of, 134. 

solubility of, in alcohol, 20G. 

specific gravity of, 124. 

spectroscopic examination of, G9. 

spontaneous combustion of, 230. 

storage of, 07, 227, 234. 

substitutes, 3'<4. 

sulphuric acid spot test for, 147. 

taste of, 12d. 

testing, 103, 183. 

time of drying of, 255, 397. 

ultimate organic analysis of, 18G. 

unsaponifiablc, content of, 47. 

unsaturated fatty acids of (Bed- 
ford), 88. 

viscosity of, 142. 

volatile products of, 227. 

— screening machinery, 13. 

Litharge, analysis of, 310. 

— driers, 308. 

Lithographic ink vehicles, 207, 


M. 

Madia oil, 428. 

Magnesium linoleate, 327. 

— metallic action of, on linseed oil, 72. 
Maize oil, 429. 

detection of, in linseed oil, 174. 

india-rubber substitute from, 246. 

Manganese acetate driers, 317. 

— and sulphuric acid driers, 297. 

— boiled oil, .399. 

— bqjnte driers, 29G, 300, 318. 

— compounds, action of, on linseed oil, 

292. 

— driers. 296, 322. 

— linoleate, 329, 

* driers, 319. 


oil, 293. 

— oil, detecting, in boiled oil, 199. 

detection of, in linseed oil, 177. 

determination of, in linseed oil, 

J03. 

j — oils, optical deviation of, 169. 

I Mucilage, freezing out from linseed c.. 

; 133. 

; — in linseed oil, 45, 192, 388. 
i Mustard oil, determining, m linseed oil, 
149. 

N. 

Niger seed oil, 433. 

Nitric acid, action of, on linseed oil, 71. 

! bleaching linseed oil with, 58. 

, Nitrous acid, action of, on Imsced oil, 71. 

■ Nsa-sana oil, 431. 

: 

' Oil, boiling by direct heat, 359. r 
steam, 3G9. 

■ superheated air, 377. 

I degree of heat for, 386. 

, pots, 358. 

! Villon’s method for, 367. 

, — colouring priuciples of, 56. 
j — content of different seeds (table), 41. 

— linseed. See Linseed oil. 

I — seed crushing, automatic control of, 

; 35. 

1 — thermal values of, 119. 

Oilcake parirg machine, 29. 

— moulding n achine, 17. 

— rubber seed, 435. 

Oilcakes, comparative analyses of, 430. 

— linseed, oxidation of oil in, 228. 

Oils, drying. Sec Drying oils, • 

— fixed, properties of, 2. 

— splitting of, 75. 

Oleic acid, glycerine from, 279. 

in linoleic acid (Mulder), 82. 

Oleo refractometer, 161. 

•Oxidation of drying oils, 92. ■ ^ 

Oxiaismg agents for bleaching linseed 
oil, 57. 

, Oxyacids, analysis of, 281. 

— .estimating in boiled oil, 195. 

— estimation of (Fakrion), 78. 

— from oxidised oil ^82. * 

Oxygen absorption of boiled oil, i91 
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Oxygen, absorption of oils, 180, 266. 

0 — linseed oil, 256. 

Oxyftnoleic acids from cotton-seed oil, 

JS3. 

Ozone absorption of oils, 275. 

— action of, on linseed oil, 355. 

— bleaching linseed oil with, 57. 

— value of linseed oil, 275. 

Ozonides, preparation of, 80. 

Ozonised oil, 880. 

P. 

Paint, durabillly of, 402, 407. 

— him, action of internal organic per- 

oxide on, 408. 

action of light on, 405. 

— films, defects of, 403. 

oil, action of pigments on, 409. 

— vehicles, 1, 5. 

Paints, action of pigments on, 400. 

— ‘ antifouling, 333. 

— testing the permau^icy of, 409. 

Para rubber oil, 434. 

.Perilla oil, 487. 

bleaching, 62. 

Peroxide o^ hydi-ogen for bleaching 
linseed oil, 57. 

Petroleum spirit, determination of, in 
linseed oil, 105. 

Phytosterin, 51, 

Pine-seed oil, 458. , 

Polarimetric examination of boiled oil, 


Refraction, index of, 152, 139. 

Refractive index^of Chinese wood oil, 
474. ^ • 

^linseed oil, 207. 

Poppy-seed oil, 447. 

— indices of marine animal oils, 163. 

— luineral oils, 168, 163. 

vegetable oils, 163. 

Refractometer, Fery’s, 154. 

— Jean’s, 160. 

— Abbe, 152. 

Resinates, manufacture of, 321. 

Rosin, combining weight of, 325. 

— estimating, in boiled oil, 196. 

— for printing ink, 215. 

— grinding Japan, 337. 

— hardening, by lime, 491. 

— in boiled oil, 383. 

Chinese wood oil, 484. 

— detecting, in boiled oil, 194. 

— oil, detection of, in linseed oil, 178. 
determining, in linseed oil, 103, 

147. 

Liebcrmann-Storch test for, 149. 

j — optical deviation of, 169. 

I Storch-Morawski test for, 194. 

; tin tetrabromidc tost for, 149. 

' Kosinate of manganese, tost for drying 
oiR, 263. 

I Rosinates, manufacture of, 324. 

I Rubber-seed oil, 434. 

i s. 


ijob. , 

• — teits of linseed oil, 167. 

Polarisation plane of various oils, 168. 
Poppy oil, 426. 

Poppy -seed oil, 438. 

Potash bi-chromatc, bleaching linseed 
oil with, 57. 

— permanganate, bleaching linseed oil 
with, 57. 

Potassium carbonate, bleaching linseed 
oil with, 58. 

Printing ink, blue-black, 220. 

boiled oil for, 204. 

, copaiba balsam in^lS. 

drifts for, 213. W 

indigo in, 217. 

Goyneaa’s recipe for, 216. 

lustrous, 223. • 

• properties of, 213. 

■ — rosin for, 215. 

soap lor, 2 15. 

• A. _ vehicles, 205, 208, 217. 
Pumpkin-seed oil, 447. 
f*yrolusite driers, 314. 


I Rape oil, detection of, in linseed oil, 
172. . . 

^ — determining, in linseed oil, 149. 
Robinia oil, 448. 

RefinMg linseed oil, 53. 

. VOL. I. 


I Safflower-seed oil, 450. 

' Saponification value of linseed oil, 106. 
Saponifying linseed oil, 82. 

Siberian pine oil, 414. 

Soap, copper, 331. 

— for printing ink, 215. 

— iron, 381. 

— lime, 331. 

— zinc, 331. 

Solidification points of various oils, 134. 
Solvents, extracting oil by, 38. 

Soya Bean Oil, 453. 

Specific gravity tube, Sprengel’s, 130. 
Spectroscopic examination of linseed 
oil, 69. 

Sprengel’s specific gravity tube, 130. 
Stand oil, characteristics of, 206. 

Steam jacketed pans, 372. 

Stillingia oil, 459. 

Storch-Morawski test for rosin, 383. 
String test for linseed oil, 212. 
Sulphur-chloride in rubber substitutes, 
252. 

Sulphuric acid, action of, on linseed oil, 
70. 

bleaching linseed oil with, J8. 

spot test for linseed oil, 147. 

Sulphurous acid, action of on linseed 
oil, 70. 

Sunflower- seed oil, 460. 

linoleic acid from, 88. 

32 
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T. 

TerebmejT, 806^' 334. 

Tbenard’s process for refinin'; linseed 
oil, 53. 

Tin linoleate, 329, 

Tobacco-sced oil, 462. 

Tung oil. See Wood oil. 

Turpentine, determination of, in linseed 
oil, 104, 

— Japans, 837. < 


V. 

Varnishes, drying oils in, 6. 

— from Chinese wood oil, 485. 

Varnish, waterproof, from vulcanised 
oil, 247. 

Vegetable oils, refractive indices (»f, 168, 
Verdigris, 382. 


Viscosity of Chinese wood oil, 474. - 

linseed oil, 142. 

printing ink vehicles, 144. ^ 


I Walnut oil, 4G3, 

i determining, in linseed oil, 149. 

, Waterproofing cjomposition for fabric, 
1 333. 

I Waxcloth, Afridi, 450. 

' Whale oil, determining in linseed oil, 
148. 

Wood oil, Chinese, 408. 

nuts, analysis of (tabic), 480. 

' Z. 


Zinc driers, 297. 
— soap, 331. ' 
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